12 United States Patent

Gusakov et al.

US008916363B2

US 8,916,363 B2
*Dec. 23, 2014

(10) Patent No.:
45) Date of Patent:

(54)

(75)

(73)

(%)

(21)
(22)

(63)

(63)

(1)

(52)

CONSTRUCTION OF HIGHLY EFFICIENT
CELLULASE COMPOSITIONS FOR
ENZYMATIC HYDROLYSIS OF CELLULOSE

Inventors: Alexander V. Gusakov, Moscow (RU);

Tatyana N. Salanovich, Moscow (RU);
Alexey L. Antonov, Moscow (RU); Boris
B. Ustinov, Tula (RU); Oleg N. OKkunev,
Moscow Region (RU); Richard P.
Burlingame, Jupiter, FL (US); Mark A.
Emalfarb, Jupiter, FLL (US); Marco A.
Baez, Jupiter, FL (US); Arkady P.
Sinitsyn, Moscow (RU)

Assignee: Dyadic International (USA), Inc.,

Jupiter, FLL (US)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 383 days.

This patent 1s subject to a terminal dis-
claimer.

Appl. No.: 12/908,454

Filed: Oct. 20, 2010

Prior Publication Data

US 2011/0045546 Al Feb. 24, 2011

Related U.S. Application Data

Continuation of application No. 11/487,547, filed on
Jul. 13, 2006, now Pat. No. 7,883,872, which 1s a
continuation-in-part of application No. 10/394,568,
filed on Mar. 21, 2003, now Pat. No. 7,399,627, which
1s a continuation of application No. 09/548,938, filed

on Apr. 13, 2000, now Pat. No. 6,573,086, which 1s a

continuation-in-part of application No.
PCT/NL99/00618, filed on Oct. 6, 1999, which 1s a
continuation-in-part of application No.

PCT/EP98/06496, filed on Oct. 6, 1998, said
application No. 11/487,547 1s a continuation-in-part of
application No. 09/284,132, filed as application No.
PCT/US97/17669 on Sep. 30, 1997, now Pat. No.
7,892,812, and a continuation-in-part of application
No. 08/731 ,170, filed on Oct. 10, 1996, now Pat. No.
5,811,381.

Int. CL.

CI12P 19722 (2006.01)

CI12P 19/14 (2006.01)

CI2N 942 (2006.01)

U.S. CL

CPC ...l CI2N 972437 (2013.01), C12P 19/14

(2013.01); C12Y 302/01091 (2013.01); CI2N

9/244 (2013.01); C12Y 302/01004 (2013.01):

C12Y 302/01006 (2013.01); CI2N 9/2445

(2013.01); YO2F 50/16 (2013.01); C12Y

302/01021 (2013.01)

USPC oo 435/95; 435/98; 435/74; 435/209:
435/210

(38) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
2,974,001 A 3/1961 Windblicher et al.
3,844,800 A 10/1974 Horikoshi et al.
3,966,543 A 6/1976 Cayle et al.
4,081,328 A 3/1978 Skinner et al.
4,435,307 A 3/1984 Barbesgaard et al.
4,443,355 A 4/1984 Murata et al.
4,462,307 A 7/1984 Wells
4,479,881 A 10/1984 Tai
4,486,533 A 12/1984 Lambowitz
4,610,800 A 9/1986 Durham et al.
4,661,289 A 4/1987 Parslow et al.
4,816,405 A 3/1989 Timberlake et al.
4,832,864 A 5/1989 Olson
4,885,249 A 12/1989 Buxton et al.
4,912,056 A 3/1990 Olson
4,935,349 A 6/1990 McKnight et al.
4,940,838 A 7/1990 Schilperoort et al.
5,006,126 A 4/1991 Olson et al.
5,120,463 A 6/1992 Bjork et al.
5,122,159 A 6/1992 Olson et al.
5,198,345 A 3/1993 Gwynne et al.
(Continued)
FOREIGN PATENT DOCUMENTS
EP 0239400 A2 9/1987
EP 0220016 Bl 8/1991
(Continued)
OTHER PUBLICATIONS

Aleksenko et al. 1997. Autonomous Plasmid Replication in Aspergil-
lus nidulans: AMAI1 and MATE Elements. Fungal Genetics and
Biology, vol. 21, pp. 373-387.

Aleksenko et al. 1996. Gene expression from replicating plasmids in
Aspergillus nidulans. Mol. Gen. Genet. vol. 253, pp. 242-246.

(Continued)

Primary Examiner — Jim Ketter

(74) Attorney, Agent, or Firm — Keller Life Science Law,
P.A.; Michael J. Keller

(57) ABSTRACT

This mvention provides novel enzyme compositions using
newly 1dentified and isolated C. lucknowense enzymes,
including CBH Ib CBH Ilb, EG 11, EG V1, [3-glucosidase, and
xylanase II in conjunction with previously identified enzymes
CBH Ia, CBH Ila (previously described as Endo 43), and EG
V. These enzyme compositions demonstrate an extremely
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module (CBM) displayed a pronounced synergism with three
major endoglucanases (EG II, EG V, EG VI) from the same
fungus 1 hydrolysis of cotton as well as a strong synergy with
cach other. The enzyme compositions are eflective 1n
hydrolysis of the lignocellulosic biomass.
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FIGURE 8

Translation of Contig 2370 14521-20840 cbh2(1-6360)

1
61
121
181
241
301

361
421

481
o4l
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041

2101

2161

2221

2281

2341

2401

24061

2521

2581

2641
2701

2761

2821

2881

2941

ctcagattctaggggtagggcgggagcagaggcgaaaattgggttgtagaatatgaggag
ctagggttgttaaactcaaagaacttcttgctecttgttcttagtecttctctecctgggaaa
agggggtttttccgaaagcggegctatacgaagccagaggctactttecttgectttggat
ggcccttgtccaccgttcttgttteecgtttgtcaattgcgacgttgeceggcaacctagg
tcCtaataattaggtagatatttcggtagaggtagtttaattatgcttcagtagagaaat
cgttgtctccacgtctcecgecaaccttgcgaaacttcgeccacattgaagatagcattgtctg
agttgattttaaccctttccagagacgatataatagtgcaagtttctttgatcggaatca
tcgacattcggattttecccttaattatatgaagtattcggcccacggaaccgggeeccga
gcaggttgaaccgcgcaaaacctcaacecgadtcacctecgecgtccatgtttgtcatggaat
caggctccgaatcccgtcagatcagtcagttctggtggctatggacgcgggagttacggc
cagtcgtcccgttgttctggggggttgatcaacaggaggaagagatctgagatcgaacta
cacccattgatttatcgacgcataatcaagtttaataaaaaccaaacagecgtgtttggtg
ctaccaccgaatgcgagatccgggctageccgecggaaggatgatggeccacagatctagceg
tcatgtatgattattacctatgcatctatcttcgtatctgecctecgggttggcaacacctg
accgagagacgactcgacaacctgacacttggcaaaagacatttcggttgacagecgggag
aactccagcgaggaagtcgcccagagatgcggatgagaagacaacgeccgagacgtgeccygg
cgttggctctccacgaatcggagceccgactcttecgtttggccaatectecgggataaatcece
cagcggcgggtcacgtcacgtttcatggggaggcgcggacageccatecccagceccaggecat
ggaagagaacaattcttgggggtagcgaccgagccaaaaggggggggggggaagcgggag
gggaagaagtggcatitagagcacgcaccggaaaacgcatttgggecceccttgccaacaaaca
ccacaccccecgegtectgggagcaagacatcecaggatgcaacccagtaggggatgeccaaga
agcatctacggcaccatctgccggcecgecctecgectgttagagtccecggcaceccecgceccaatqgqg
ggccgtgctgggccctgecccggecaatgctggecgecagecggcatcaacaacattgcectcecgggyg
aggggcccgattttattgattagcaaaaaaacaattaaattaccctticcattccagecaga
gecttctcctceccacgecggecggcgggaccgecttgtggacggcggtacactacaaccgegggg
ctccagtctccgtgcectgggcgtgcagatcacgacccggaagagaaatgatecgeggtcectga
cgccgggtacggagtactgagccgccaaccacagccgatggaccgtgatatctcaatgeg
ttcaagcaacacagcaacaccctggacgagtctectectececectaccacecececectececeeccec
tgccctggccgcgaacggggcgcgtaccccagatttctactecgtactgacaccceccaatce
tattccecgectggcgtecgecccagtctggageggtccggeccaagactctecggtgcacgatac
cgcgacgaaatcggattaaccgttggctgatcaattccaagtcaagggagaagtggtatg
gaaagtcggctcagtttitccactgcccececgacaggcaggtteccggatctggacagecagtc
ttceccgaatectttggcagagactcatgataatataaaaaggcaaatgaggcggcgccttgg
acaggtccattctcccaccgctcaaccagcectceccaattectcagaagtcttgttgetctet
cgcagtcgcagtcaagATGAAGCAGTACCTCCAGTACCTCGCGGCGACCCTGCCCLCTGGT
M K ©Q Y L @ Y L A A T L P L V
GGGCCTGGCCACGGCCCAGCAGGCGGGTAACCTGCAGACCGAGACTCACCCCARGCTCAC
G L A T A ©Q Q¢ A G N L ©Q T E T H P K L T
TTGGTCGAAGTGCACGGCCCCGGGATCCTGCCAACAGGTCAACGGCGAGGTCGTCATCGA
w 5 K € T aAa P G S C @ Q V N G E VvV VvV I D
CTCCAACTGGCGCTGGGTGCACGACGAGRACGCGCAGAACTGCTACGACGGCAACCAGTG
S N W R W VvV H b E N A QO N C Y D G N Q W
GACCAACGCTTGCAGCTCTGCCACCGACTGCGCCGAGAATTGCGCGCTCGAGGGTGCLCGA
T N A C & &S A T p C A E N C A L E G A D
CTACCAGGGCACCTATGGCGCCTCGACCAGCGGCAATGCCCTGACGCTCACCTTCGTCAC
Yy ¢ 6 T ¥ 6 A 8§ T™ 5 6 N A L T L T F V T
TAAGCACGAGTACGGCACCAACATTGGTTCGCGCCTCTACCTCATGAACGGCGCGAACAA
K H E Y GG T N I G S R L Y L M N G A N K
GTACCAGATGTTCACCCTCAAGGGCAACGAGCTGGCCTTCGACGTCGACCTCTCGGCCGT
Y g M»m P T L K G N E L A ¥ D V D L § A V
CGAGTGCGGCCTCAACAGCGCCCTCTACTTCGTGGCCATGGAGGAGGATGGCGGTGTGTC
E ¢C 6 L N &§ A L Y F V A M E E D G G V S
GAGCTACCCGACCAACACGGCCGGTGCTAAGTTCGGCACTGGGgtaagttcaacgacceceg

s ¥ P T N T A G A K F G T G
agacgggtgcccttattatctgctgcgaaaacggacggtcececctttttgctaactaccctic
ctccaaacagTACTGCGACGCCCAATGCGCACGCGACCTCAAGTTCGTCGGCGGCAAGGG
¥y ¢ D A @ C€C A R DL K F V G GG K G
CAACATCGAGGGCTGGAAGCCGTCCACCAACGATGCCAATGCCGGTGTCGGTCCTTATGG
N I E G W K P § T N D A N A G V G P Y G
CGGGTGCTGCGCTGAGATCGACGTCTGgtaagtrtttgttgecctgggcagecaatggtatat

G € € A E I D V W

tagctcgagtggttcccgtecgttgctgaccctetcttaccagGGAGTCGAACAAGTATGC
E S N K Y A
TTTCGCTTTCACCCCGCACGGTTGCGAGAACCCTAAATACCACGTCTGCGAGACCACCARA
F A F T P H G C E N P K Y H VvV C E T T N

US 8,916,363 B2
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3001

3061

3121

3181

3241

3301

3361

3421

3481
3541

3601

3661

3721
3781

3841
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3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4021
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4681
4741
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
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5941
6001
606l
6121
6181
6241

CTGCGGTGGCACCTACTCCGAGGACCGCTTCGCTGGTGACTGCGATGCCAACGGCTGCGA
c 6 6 T ¥ §8 E D R F A G D C D A N G C D
CTACAACCCCTACCGCATGGGCAACCAGGACTTCTACGGTCCCGGCTTGACGGTCGATAC
Y N P ¥Y R M G N Q D F Y 6 P G L T v D T
CAGCAAGAAGTTCACgtgagtacaccgtgcttgaagccecctececececcecececceccaaaa
S K K F T
aaadaadagadaaaagaagtcaaatgattgatgctaaccaaatcaaataacagCGTCGTCA
v v
GCCAGTTCGAGGAGARCAAGCTCACCCAGTTCTTCGTCCAGGACGGCAAGAAGATTGAGA
s Q ¥F B E N K L T Q@ F F V Q D G K K T E
TCCCCGGUCCCCAAGGTCGAGGGCATCGATGCGCGACAGCGCCGCTATCACCCCTGAGCTGT
1 P 6 P K V. B G I D A D S A A I T P E L
GCAGTGCCCTGTTCAAGGCCTTCGATGACCGTGACCGCTTCTCGGAGGTTGGCGGCTTCG
c $ A L F K a P D D R D R F § E V G G F
ATGCCATCAACACGGCCCTCAGCACTCCCATGGTCCTCGTCATGTCCATCTGGGATGATY
b A I N T A L & T P M V L Vv M S5 I W D D

tacgttacctaaccccceecceccttrtttttttcccgetictctecceccgaaactgecacta
cttatatacgtcccgecgtceccatgatgecttaccttttctccttccagCACTACGCCAATAT
H Y A N M
GCTCTGGCTCGACTCGAGCTACCCCCCTGAGAAGGCTGGCCAGCCTGGCGGTGACCGETGEG
L w L P & &8 ¥ P P E K A G Q P G G D R G
CCCGTGTCCTCAGGACTCTGGCGTCCCGGCCGACGTTGAGGCTCAGTACCCTALATGCGTG
P C P Q D &S G VvV P A D V E A Q Y P N A *
agtcgaaaccgtaaaatgtcgggcaaaaaaaagatcgctcaagctaacgaaataatatga
ttagCAAGGTCATCTGGTCCAACATCCGCTTCGGCCCCATCGGCTCGACTGTCAACGTCT
K v I W &8s N I R F G P I ¢ S T V N ¥V

ARactgcaacctgaccgggeccctttctctccaceccececcaccectctcaagtrctctetggt
ggagccctcecgtgtecttecttttecctaggttcecgecgaacctttgagettgtgtatecgtaggg
tcattgtgtacatacacaaaaacttaacatctgctaccaagatcttiggcgctttgccagyg
tcttctcaaacctecgaagcactgagectttgtecteccgagtgaagtaggatgactattta
cgttgcaagactacgcggtaaaggggacggagcagacctgccacagatattcgtttggtt
gcttgatttatagcagagtccgaacgtagacatggcecccctgaaggtgccaacecctagata
gccagaagccttgttttacgaaagggtggtcaaccaacggtgctcctecgectcagcgaatc
tacccgcacgcaatgtatcgtaagaatgtgaactaaagggaacgacgaggcatagggaaa
cgtcaatgtggcttgaataacagagttaaatacctaatagaagaaattagcatgccaaga
ttgagccagcaacacatggtagaatagccagcaaaggacgecttgttcgettgatctcgaa
ccgtccaacctgattcgaaggaggagggaaaagttgaagaataccggcaataattactcg
aggttcctatgeccctgcagagtctaattaatatltaaaggcaccaccecgecatgattceccgcca
attataagcataataagctcgcgggcecccacacgtgecttcaccctececcatgtgtataca
atctgtacctcgttattgtcgaatcgctattecgatagecgaaggtctggcactcatcaga
taccgtgacatcgattgagatttggececgggccaccggtagtaagcgatgagttggtecatc
aattatcaacaatgcgctcaatcagcgataatcagecctatcaaccgecgaaatcatacgcg
catcaacgaattgtccatcatgcacgtagcttgtcggcagtgeccgcatacectceccagagc
atcatagccgggatagaaagctcgcectttcagceccgtcecceccagagtccgagatgcaggtagca
agccttcaagaccagttatatgtgaccecgggtaaaatacttggtgagatgcaatgggcgt
agcttcgggcacttataagctttactagatattatctcaaggtttctttttgaactcctc
ctagacatttactataaactaccgagcttcaatyctagacygcccticcttctgttaaatag
tcttttecttctaagagcatctgectttttteeccttaggecttagaggatagggcCCcctcc
atcttgctgcgacggcecttagectitggggagtaattattggtatccgecgtacctgttitac
cagacagccgaagtttcgacgacaaagtaattattgcgacaataccaccgccatatgcta
ttccgagtygggtgagccececgaaaacatecgecttaccgecatcecgecateccagacgacagagg
gcgactttgatgtcttgctccagatcgeccgecacctaacacggtgggatgggcectggtatcg
tatgggacggcatcatggtcaacaaccccctgacggggtgttgggccaatggaaacaccea
ccgttgtctcgageccggatcgcaaggtaagecgaagaggacaaatgacgatgagactttce
tttcttttttattttatttttttttaaatttcttttttaagecgtaatgaaaagagctaca
tatctgtggttcgttectcaatttcagegacctctceccaccgaagecatcgtcaaataagaa
gttgtcggaaacaaagggtgtcagaagctatagagcttictaaggatattagccacataca
tgccatagctgtataaggctatttaacgectttggccagctecctttgtctataaatattag
tcgttttgtctecectttgtagataattttaacaaggcactctittcctitatatagccacc
tactatagactgctttcaacgctcccggaagcttattactacgttcggcagtttataagec
tggcgccttgactactcecctctgeccgacgtatectttaatattagtagtagecttcttctatt
acgaactctcttaccctgectttaatacgectttcgacgacgtgtctattatatictaagatce
ctagtcgagacttctatatgeccttactaggectagttcttagaacttgtagtatattaaa
ctatagttataggctaaatttgctagtatatagagatttgttaaccttaatagtaattat
aaactagatctagaagttttatagtgcctaacctataaataagctagagataaccttatt
ttagcttcctaggagtaattecctagaaggagtattaccttrtaatatctatagatttgata
ccttctaatatagctatcatagctaaatttatataattataagattccttttataaaaat

US 8,916,363 B2
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SEQ ID NOs: 3 and 4 cbh4 gene encoding CBH IIb

6l
121
181
241
301
361l
421
481
°41
601
661
721
781
841
901
961
1021

1081
361

1141

1201

1261

ccgcaagtgaatatgtaattactcaatggaagttctcgaaacggagtccagaaatgatgt
ggttctgtgggaatgcggcaagaggcgacgttgececgtgaatgegtgaacattcocecegectce
ttcttcttctcgtecttecttecttettcttectttegggtecgecggatggttgacggececagcdg
Cgcgcacggctgcgtgttatcgagcgtecggtacgtctagccaacatccecgtagacacgac
gaccaagcgtcttgagaatgcaacaacgtctcggaacctggcacgecatetteccgeocgecag
gtcecggcagacgeccgectgggcaataccacecectgtecaggeccttteccecegecaggecagag
ccgcgctcttcctttcatggttattcaggaacgtggcttccgagattctecgectgttcetce
cccecagtcaacctgceccgaccgtaacccggttceccaccaccgecggactgteccgcaaaacctyg
gttcgceccgagattaatatgctatttccggactaagtgcacaacacacaagcaceccecttce
cgcctcgcgctctagaatcetgetttctaaceccggttctcgggececcttccetttecgegacyg
cctcecgcectcteccttaccaggecacecateccgcaataggtaaggtagecaacecgttttggagc
gtgattctgccaaggaccgecatcecttgecattcgeccatectggtcaaggacecctectttcecce
gctccattectggtggctcectatecgggacggegttececcatggectectceccaggagagtgatgt
gcgagtctggagagccggggttiggcecgrcacgatgetgeccacctagggecggeccageceyg
gcactgcgctceccecegttgatcecegtcectatcecececcgtcaagagecaccagecocccggegecteocgtga
attttcgacttgttcgacttgctacaggtgataaagaggatgcacgeccgececctecgatcgg
cctgtgtggtttctctccctcgtgeccaaaccacteccacctececgececcgagatagttge
ttgtttcecgectececgtgagagggacacacaccaATGGCCAAGAAGCTTTTCATCACCGCCGC

M A K K L F I T A A

GCTTGCGGCTGCCGTGTTGGCGGCCCCCGTCATTGAGGAGCGCCAGAACTGCGGCGCTGT
L A A A V L A A P V I E E R Q N C G A V

gtggtaagaaagcccggtccgagtctcccatgattttectegtecgagtaatggcataaggg

ccacccecttcgactgaccgtgagaatecgatcaaatccagGACTCAATGCGGCGGTAACGE
T Q@ C G G N G

GTGGCAAGGTCCCACATGCTGCGCCTCGGGCTCGACCTGCGTTGCGCAGAACGAGTGGETA
w Q@ 66 Pp T €C C A S G S T C VvV A @Q N E W Y
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FIGURE 9 (CONT’D)
SEQ ID NOs: 3 and 4 c¢bh4 gene encoding CBH IIb

1321 CTCTCAGTGCCTGCCCAACAGCCAGGTGACGAGTTCCACCACTCCGTCGTCGACTTCCAC
s 9 ¢ L P N S Q Vv T &5 S5 T T P o o5 1T o T

1381 CTCGCAGCGCAGCACCAGCACCTCCAGCAGCACCACCAGGAGCGGCAGCTCCTCCTCCTC
s @ R S T 5 T 5 s s T T R S 6 &5 8 S & &

1441 CTCCACCACGCCCCCGCCCGTCTCCAGCCCCGTGACCAGCATTCLCCGGLGGTGCGACCTC
s T T P P P V S S5 P V T S5 I P G GG A T S

1501 CACGGCGAGCTACTCTGGCAACCCCTTCTCLGGCETCCGGLCTCTTCGCCAACGACTACTA
T A 8 ¥ 8 G N P F S G V R 1L F

1561 CAGGTCCGAGGTCCACAATCTCGCCATTCCTAGCATGACTGGTACTCTGGCGGCCAAGGC
s B v H N L. A I P 5 M T ¢ T L A A K A

1621 TTCCGCCGTCGCCGAAGTCCCTAGCTTCCAGTGGCTCGACCGGAACGTCACCATCGACAC
s A V A E V P §&§ F Q@ W L D R N V T I b T

lo81 CCTGATGGTCCAGACTCTGTCCCAGGTCCGGGCTCTCAATAAGGCCGGTGCCAATCCTCC
L M VvV Q T L S @ VvV R A L N K A G A N P P

1741 CTATGCTGgtgagttacatggcgacttgeccttctecgtceccectacctttcecttgacgggate
Y A
1801 ggttacctgacctggaggcaaaacaacaacagqCCCAACTCGTCGTCTACGACCTCCCCGA

A Q L Vv v Y D L P D

1861 CCOGTGACTGTGCCGCCGCTGCGTCCAACGGCGAGTTTTCGATTGCAAACGGCGGCGLCGL
R D ¢ A A A A S N G BE F 8 I A N G G A A

1921 CAACTACAGGAGCTACATCGACGCTATCCGCAAGCACATCATTGAGTACTCGGACATCCG
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FIGURE 9 (CONT’D)
SEQ ID NOs: 3 and 4 cbh4 gene encoding CBH Iib

1981

2041

2101

2161

2221

2281

2341

2401

2461

2581

N Y R S Y I D A I R K H I 1

K
o
0
J
H
gy

GATCATCCTGGTTATCGAGCCCGACTCGATGGCCAACATGGTGACCAACATGAACGTGGC
I I L v 1 E P D S M A N M V T N M N V A

CAAGTGCAGCAACGCCGUGTCGACGTACCACGAGTTGACCGTGTACGCGCTCAAGCAGCT
K ¢ 5 N A A 5 T Y H E L T V X A L K Q L

GAACCTGCCCAACGTCGCCATGTATCTCGACGCCGGLCCACGLCCGGLCTGGELTCGGETGECC
N L P N V A M Y L D A G H A G W L G W P

CGCCAACATCCAGCCCGCCGCCGAGCTGTTTGCCGGCATCTACAATGATGCLCGGCAAGCC
A N I Q P A A E L F A G I Y N D A GG K P

GGCTGCLGETCLGUEGLLUTGECCACTAACGTCGCCAACTACAACGCCTGGAGCATCGCTTC
A A V R 6 L A T N V A N Y N A W S I A 8

GGCCCCGTCGTACACGTCGCCTAACCCTAACTACGACGAGAAGCACTACATCGAGGCCTT
A P &5 ¥ T S5 P N P N Y D E K

ccttcagttggcgtccacaaggtctecttagtecctgecttcatctgtgaccaacctecececcce

ccccggcaccgcccacaaccgtttgactctatactettgggaatgggecgeccgaaactgac

CcgtLtccacagGCCAACAACAGTGGGGTGACTGGTGCAATGTCAAGGGCACCGGCTTTGGC

US 8,916,363 B2
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FIGURE 9 (CONT’D)
SEQ ID NOs: 3 and 4 cbh4 gene encoding CBH IIb

2041

2701

2761

2821

2881
2241
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841

GTGCGUCCCGACGGCCAACACGGGCCACGAGCTGGTCGATGCCTTTGTCTGGGTCAAGCCC
v R P T A N T G H E L VvV D A F V W V K P

GGCGGLCGAGTCCGACGGCACAAGCGACACCAGCGCCGCCCGCTACGACTACCACTGCGGC
¢ ¢6 B 8§ b 6 T 8§ D T S A A R Y D Y H C G

CTGTCCGATGCCCTGCAGCLCTGCCCCCCGAGGLCTGCGACAGTGGTTCCAGGCCTACTTCGAG
L & D A L @ P A P E A G Q W F @ A Y F

[7]

CAGCTGCTCACCAACGCCAACCCGCCCTTCTAAacctecgtcataaagagagagagatggce
¢ LbL L. T N A N P P F *

gggcatgggcctgattgggttcattgaccatgcggctcttctgggggtacatattttacc
tacctacctataaataaggcggcctatecgggcectctecgecttecgtttattaggtacttgtte
ttgtacatactttgtttatacatacagcagttagcatccactattcgtttcgacaaagecg
gaactttccagaaaaaaaaaggttgtacataattagtctttaggcttcgattctttgtgce
ctttctttttggtaaaaaaaaaattttttttgaggcatgattaccttaggtacgttcgtc
gttgtattggtccceccecctgecattttggecgecgagagcagetcagececttgecaaatccecctceca
acgggcgttcaattccecctecactecgggtetticagecgagaccagecgtccagagtatecca
gcgtgtagttgceccceccacgaaccagtcgtectecgtaagectegtcaaagtgtccaagagca
gtatagaagcaacgacctccgtcaaaagtctyggcaccatgcgatcgggtggtecctceccyg
tgcgccccgecctocgtaggacttcticatccacgeccaaggagcacgtgecaggecgrcggac
gtcgccecgegggtgcecgecttgaagttgtaccattcgteccttccagacgecgecteccagetgco
gccectgcecttgggttecctgecggttecctgecggttectgegetggecggtecggecgecgecgtet
tggtcacacgcccgcagecgacatgactgggtgtttegggtcecgagecagettgacgagecccg
acctggggttccgggtggttgtcgaacacggegeccaatgaggtggecgtaccattcggat
gactgcatggcgaagectggcgcagtgtacegeccacgatececgecgececgectggacgaaa
ccccgcagggcgcccagcttgcecgegceccecgtccaggaactecgeccgagecactgecaggaggacg

atgacgcgatacgccgagagggagccggggctgaacacggecgggatcctecgectgtegtcece

US 8,916,363 B2
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FIGURE 10
SEQ ID NOs: 5 and 6 cbhl gene encoding CBH Ia

ATGTACGCCAAGTTCGCGACC 1800
M Y A K ¥ A T

CTCGCCGCCCTTGTGGCTGGCGCCGCTGCTCAGAACGCCTGCACTCTGACCGCTGAGAAC 1860
L A A L V A G A A A Q N A C T L T A E N

CACCCCTCGCTCGACGTGLEGTCCAAGTGCGCACCGTCTGGCGEGCAGCTGCACCAGCGTCCAGGGT 1920
H P 5 L T W S K C T &S G GG &S C T § V O G

TCCATCACCATCGACGCCBACTGGCGGTGGACTCACCGGACCGATAGCGCCACCAACTGC 1980
s I T I Db A N W R W T™ H R T D S A T N C

TACCGAGGGCAACAAGTGGGATACTTCGTACTGCAGCGATGGTCCTTCTTGCGCCTCCAAG 2040
Y & 6 N K W D T &S Y € S D G P S C A S K

TGCTGCATCGACGGCGCTGACTALCTCGAGCACCTATGGCATCACCACGAGCGGTAACTCC 2100
c ¢ I Db 66 A D Y & S T Y 6 I T T S8 G N S

CTGAACCTCAAGTTCGTCACCAAGGGCCAGTACTCGACCAACATCGGCTCGCGTACCTAC 2160
L N L K F v T K G QQ Y & T N I G S R T Y

CTGATGGAGAGCGACACCAAGTACCAGAgtaagttcctctecgecacecggecgeccgggaga 2220
L M E & D T K Y O M

CgatggcgecccagececcocgectgacgegaatgacacaGTGETTCCAGCTCCTCGGCAACGAGTT 2280
K L. L, G N kK F

CACCTTCGATGTCGACGTCTCCAACCTCGGCTGCGGUCCTCAATCGCGCCCTCTACTTCGT 2340
T ¥ D V D V 55 N L ¢ € 6 L N 6 A L Y F V

GTCCATGGATGCCGATGGTGGCATGTCCAAGTACTCGGGCAACAAGGCAGGTGCCAAGTA 2400
s M D A D GG G M &S K Y S G N K A ¢ A K Y

CGGTACCGGCTACTGTGATTCTCAGTGCCCCCGCGACCTCAAGTTCATCAACGGCGAGGC 2460
¢ T 6 ¥ € D &§ @ € P R D L K F I N G E A

CAACGTAGAGAACTGGCAGAGCTCCGACCAACCATGCCCAACGCCCGCACGGGCAAGTACGG 2520
N V B N W ¢ 5 S T N D A N A G T G K Y G

CAGCTGCTGCTCCGAGATGGACGTCTGGGAGGCCAACAACATGGCCGCCGCCTTCACTCC 2580
s ¢ ¢ s B M b V W E A N N M A A AN F T P

CCACCCTTGCNCCGTGATCGGCCAGTCGCGCTGCGAGGGCGACTCGTGCGGCGGTACCTA 2640
H P C ? V I & @ S R €C E GG D 8 € G G T Y

CAGCACCGACCGCTATGCGCCGGCATCTGCGACCCCGACGGATGCGACTTCAACTCGTACCG 2700
s T D R ¥ A GG I € D P D G C D F N S Y R

CCAGGGCAACAAGACCTTCTACGGCAAGGGCATGACGGTCGACACCGACCAAGAAGATCAC 2760
Q 6 N K T F Y &6 K 6 M T v D T T K K I T
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FIGURE 10 (CONT’D)
SEQ ID NOs: 5 and 6 cbhl gene encoding CBH Ia

GGTCGTCACCCAGTTCCTCAAGAACTCGGCCGGCGAGCTCTCCGAGATCAAGCGGTTCTA 2820
v v T @ F L K N S A &G E L 5 E I K R F Y

CGCTCCAGAACGCCAAGGTCATCCCCAACTCCGAGTCCACCATCCCGEGCGTCGAGGGEGLAA 2880
v Q N 6 K Vv I P N 5 E S T I P GG V E G N

CTCCATCACCCAGGACTGGTGCGACCGCCAGAAGGCCGCCTTCGGCCCGACGTGACCGACTT 2940
s 1 T ¢ D w € D R ¢ K A A ¥ G D V T D 72

NCAGGACAAGGGCGGCATGGTCCAGATGGGCAAGGCCCTCGCGGGGCCCATGGTCCTCGT 3000
¢ b K 6 6 M V ¢ M 6 K A L A GG P M V L V¥V

CATGTCCATCTGGGACGACCACGCCGTCAACATGCGCTCTGGCTCGACTCCACCTGGCCCAT 3060
M 5 I wW D D H A V N M L W L D & T W P 1

CGACGGCGCCGGCAAGCCGEGEGLGCCEAGCGCEETGCCTGCCCCACCACCTCGGECGTCCC 3120
p 6 A ¢6 K P G A E R 6 A C P T T S5 G V P

CGCTGAGGTCGAGGCCGAGGCCCCCAACTCCAACGTCATCTTCTCCAACATCCGCTTCGG 3180
A kK V E A E A P N S N V I F S N I R F G

CCCCATCGCCTCCACCGTCTCCGGCCTGCCCGACGGCGGCAGCGGCAACCCCAACCCGCC 3240
p 1 &6 5 T V & ¢ L P D 6 GG 5 &G N P N P P

CGTCAGCTCGTCCACCCCGGTCCCCTCCTCGTCCACCACATCCTCCGGTTCCTCCGGCCC 3300
v § § & T p Vv P & & s T T & & G § &S G P

GACTGGCGGCACGGGTGTCGCTAAGCACTATGAGCAATGCGGAGGAATCGGGTTCACTGG 3360
r ¢ 6 T 6 vV A K H Y E Q C GG GG I G F T G

CCCTACCCAGTGCGAGAGCCCCTACACTTGCACCAAGCTGAATGACTGGTACTCGCAGTG 3420
P T QO C E S P Y T € T K L N D W Y S ©Q C

CCTGTAA
I, *
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SEQ ID NOs: 7and 8 egb gene encoding CBHIIa

ggatccacac
atacgagaac
gctttgcegag
gttgattaat
aaagctgtat
cgacttaagc
ctcgtatgtc
tctgttgagc
cttgttecatc
tccattacta
gtgaggctcc
gcccgatcectg
ggttgaacaa
cgtgtgagca
aacacaaaaa
gggacctcgg
acatctcacg
cgagtacceca
aattggacgg
tgcgtgatcec
atgcactttyg
ctacccacca
ccacctcggy
tagtgtacga
ccegteggey
cccatcggat
aaaaactccg
cccttetteg
cctctgcetcec
gaccgttagc
cgaggagecaa
gacatcgagg
gccaggaacce

cgagagttcce

ctaccatacc
tcagagagca
acagacctga
tatagggaag
gatttcagga
accgaacgag
gagtgttaaa
ttaagccaca
agtccacaca
tctectttatyg
ctcaaggtac
agtcctceccaa
gcagadgayyy
ggtttcecgga
gaaccgaaac
ccagtcaage
ttataggcga
ggcgtgecegyg
cagacgaagt
cgtggccoctyg
cacgeggtgce
actgccgett
ttagcgtaca
cagaccgtca
gcacccaggce
aaaagaagaa
gaaccaaata
caaacagaac
gcgaatgegt
cgctgatcga
ggggctgcecc
gtcocgtgecatg
gttgtteggc
tggcteccggce

ggatagtatg
ctgeccecatat
gcgegtegga
tagcgaggaa
agacgagcca
gaatgaaaga
gaaggcggtt
tatctcaaga
cttttcagtt
tccttggtea
caaagtagcec
ctcecacggta
acacgocttyg

accatgacgg

ggaaacgcag
gttgccctgy

ccectcatcececec
ggcctttage
ttcgtagagqg
ggctgggaat
agataaataa
agegeceggga
cacgacgget
agtccaaatc
tatgcatcgc
gaaaaaaatg
tgtcgggeat
gctacagagg
ggtgaaccca
catggcgagce
tccceetgac
atggtggaaa
cccececacatt

ccececgreca

ctacccaagt
ggctcgccaa
tgtgtgacat
ggtttcagca
tggaccaggt
atgaaaagty
ctacggagga
tgaatacatqg
cagcatgttg
agactacaadg
atcatcaccg
cgacgacagc
ctacgcgaat
cctggtccgyg
gcacggcatce
ccgtecagetce
cttcegtett
cggggcggaa
gtcatgatcg
tgceccocggetaa
gctgtggttt
cctgagtctt
gcatgcegggg
tgggtgatgc
gaattgacaa
gaccttgagt
ggccgggatyg
gttttotggt
ccagcagecea
ttcececacctce
gatcggaccc
gtagttgcag
ttctctcectge

attecctaac

gacatagggt
tgacctcaag
ggaacgogoed
attgacgtga
ttcaaggctyg
ggggatcatt
cctaaagagc
tcaggcatag
attcctecatc
gaaccgatag
aggtctggga
acgtcacatt
cctggcactg
cttctcgaac
gacgaccgga
cctggegacyg
gtgcggtegt
tcagagtcaa
gcactgacga
taatctacgg
caaacactgg
gggagtgcgc
atgcogogtyg
ttgatgagat
cactctcagce
acgggcgtca
aacgaccgcet
ttgtcaaaga
ttgttecttge
agacctggag
caatgacttc
tatgggaagt

catgtcaact

gggaccgegg

US 8,916,363 B2

Cggtaaagta 60
tgcecaggtca 120
ggatcgectt 180
gcgtacatta 240
aatggcttga 3C0
ctggccectce 360
tccaatttgc 420
tcacccegat 4 8¢
catatcactt 540
gtgagcatceyg 600
atggcgcocgt 660
gacgcaccac 720
gatggagacg 780
aaagaagtgy 840
Ctgtececacyg 90C
gggattcagce 260
tgctcecgtgce 1020
gatgocggecyg 1080
cacccacccece 11490
cttaatagat 1200
ccrtcoccgtact 1260
ggagcggcag 1320
catggcttca 1380
gacagcgagc 1440
tctattgcga 1500
gaaaccaaaa 1560
actcceccecgtt 1620
gttcggaggt 1680
atgcgtggcy 1740
cagacggttg 1800
cccaaacgygyg 18690
accccgggtt 1920
gtgtgtogtt 1980
ggcatcgcect 2040
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FIGURE 11 (CONT’D)
SEQ ID NOs: 7and 8 eg6 gene encoding CBHIla

gtaactaact
cattcgctgc
ctoggegegy
cctatgttcc
tgcaggggca
cggeygegec
gtatataaaa

gcaccacagce

tccaaatgaa
gatcggcact
ctcaagtctt
tgattgcgat
tcggeticge
aaggtgcgtce
gatggccatc

ctagctctaa

geccggatatg
cgtecgteag
cttcggaacg
cectcgatctc
ttcectagagc
tcggcocgecact
gtctectogr

cccagcettgt

Sheet 18 of 38

agggagygyad
ceoegeagte
tccagcocecega
cagagacgddg
tcecgggcetgt
cacccatcege
ctgettggga
cagrtgtgttgt

US 8,916,363 B2

gtg
Val

tcg
Sexr
20

tcg

Serxr

ctyg

i.eu

gcc

Ala

Val

dad
Glu
100

atcC

Tle

cag

Gin

cgc

Arg

gCC

Ala

cac

His

atc

Tle

ggrt
Gly

85
ccc

Pro

tac

TCC

Ser

acg

Thr

gtg
Val

CCC

Pro

tcc
S5er
70

acc

Thr

gcyd
Ala

gac

ASD

gcc

Ala

act

Thr

acg

Thr

aac
ASn
55

gac

Asp

ttc
Phe

ctcC

Leu

ctc

Leu

aCC

Thr

CCC

Pro

ctce
L
40

aac

Asgn

tcg

Ser

ctyg

Leu

gad
Glu

ccg
Pro

120

ctg

Leu

cag
Gln
25

gat
AsSp

e
Phe

gcd
Ala

Trp

gac
Asp
105

ggc
Gly

gcd
Ala

1.0

aag

gCcC

Ala

tac

ctyg

Leu

ctc
Lieu

S0

gtg
Val

Arg

ttc
Phe

CCC

Pro

agc

Ser

Arg

gcg
Ala
75

gac

ASp

e

Pro

gac

AsSp

gec

Ala

Cgc

Arg

Al C

Thr

gcc
Ala
60

gag
Glu

aACC

Thr

gcc

Ala

cag

Gln

= E-1

Asn

45

gag
Glu

aag

atc

ILle

gad
Glu

gcg
Ala
125

acg

Thr

gcc
Ala
30

gtg
Val

Val

gce

Ala

gag
Glu

aac
Asn
110
gcce

Ala

attggatctg gcaageccagc 2100
catatcccca aaggcaactg 21860
aggegegoege cagecaceggc 2220
Tcacctcgcece tcgaggacqgg 2280
gtgtgatcaa ggggagaadg 2340
ctttacccee ctocccecta 2400
agaaaggatc tctcgaccat 2460
tgcocccage atg aag tLc 2517
Met Lys Phe
1
gcee cte get gog ccc 2565
Ala Leu Ala Ala Pro
15
tcg geg gac tge gcg 2613
Ser Ala Gly Cys Ala
35
ttc cag cag tac acg 2661
Phe Gln Gln Tyr Thr
50
gag gct gcec gcc gag 2705
Glu Ala Ala Ala Glu
65
cgc aag gtc gceccoc gac 2757
Arg Lys Val Ala Asp
80
adaC atlt ggCc ¢cgg Ccrtg 2805
Asn Ile Gly Arg Leu
95
atc gtg ggt ctce gtc 2853
Ile Val Gly Leu Val
115
aag gcc tcc aac ggc 2901
Lys Ala Ser Asn Gly
130
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gag ctc aag gtc ggc gag ctce gac agg tac aag acc gag tac atc gac a 2950
Glu Leu Lys Val Gly Glu Leu Asp Arg Tyr Lys Thr Glu Tyr Ile Asp
135 140 145
gtgagttaac cctttgtggce cceccttctttt ceccecgagag agegtcectggt tgagtggggt 3010
tgtgagagaqg aaaatgggqgc gagcecttaaag actgacgtgt tggcectcgcag ag atc 3065
Lys Ile

gocc gag atc ctc aag ¢goc cac tec aac acg gec tte gecec cte gte atc 3113
Ala Glu Ile Leu Lys Ala His Ser Asn Thy Ala Phe Ala Leu Val Ile
150 1855 160 165
gag ccc gac tcecg ctc cecce aac ctg gte acc aat agce gac ctg cag acg 3161
Glu Pro Asp Ser Leu Pro Asn Leu Val Thr Asn Ser Asp Leu Gln Thr

170 175 180
tgce cag cag age get tee gge tac ¢ge gag ggt gte gecc tat gec ctce 3209
Cys Gln Gln Ser Ala Ser Gly Tyr Arg Glu Gly Val Ala Tyr Ala Leu

185 190 185
aag cag ctc aac ctc ccc aac gtg gtce atg tac atc gat gcc gge cac 3257
Lys Gln Leu Asn Leu Pro Asn Val Val Met Tyr Ile Asp Ala Gly His
200 205 210
ggt ggc tgg ctc ggc tgg gac gcc aac ctc aag ccc ggce gcc cag gag 3305
Gly Gly Trp Leu Gly Trp Asp Ala Asn Leu Lys Pro Gly Ala Gln Glu
215 220 225

ctc gcc agce gtc tac aag tct gct ggt teg ccc tcg caa gtc cgc ggt 3353
Leu Ala Ser Val Tyr Lys Ser Ala Gly Ser Pro Ser Gln Val Arg Gly
230 235 240 245
atc tcc ace aac gtg gcect ggt tgg aac gcec tg gtaagacact ctatgtcccc 3405
Tle Ser Thr Asn Val Ala Gly Trp Asn Ala Trp

250 255
ctegteggtce aatggeocgage ggaatggcecgt gaaatgcatg gtgcectgacct ttgatcectttt 3465
cccectecta tag g gac cag gag ccc ggt gag ttce tcg gac gcce tcecg gat 3515

Asp Gln Glu Pro Gly Glu Phe Ser Asp Ala Ser Asp

260 265

gcec cag tac aac aag tgc cag aac gag aag atc tac atc aac acc Tttt 3563

Ala Gln Tyr Asn Lys Cys Gln Asn Glu Lys Ile Tyr Ile Asn Thr Phe

270 275 280



U.S. Patent

FIGURE 11 (CONT’D)

Dec. 23, 2014

SEQ ID NOs: 7and 8 egb gene encoding CBHIla

ggc
Gly

285
acet

Thr

ggc
Gly

tcc

Ser

ggc
Gly

365
cag

Gliln

gct
Ala

ggc
Gly

aAal

Asn

gac

Asp

gac
Asp
350

aag

gcce

Ala

gagd
Glu

olefe

Arg

val

gay
Glu
335

ggc
Gly

cCC

Pro

tac

Ty

ctcC

Leu

aal

AST

addC
Asn
320
ctc

Leu

aCC

Thr

gac

AsD

tLc
Pne

aag

ggt
Gly
3065

ggc
Gly

gco

Ala

agc

Ser

gcc

Ala

gad

tct

Ser
290
gtC
Val

gcc

Ala

gac

ASD

gac

ASD

ttc
Phe
370
atg

gcc

Ala

ACC

Thy

gyc
Gly

gcc

Ala

tcg
Lser
355
aaqy

Lys

ctce

Glu Met Leu

385

ggc
Gly

ggt
Gly

cLo
Phe

ttc
Phe
340
teg

Ser

CCC

PYro

CtC

Leuy

atg
Met

CTC

Leuy

Gly

325

Val

ged
Alas

age

Sexr

aay

CCC

Pro

cgc
Arg
310

gtg
Val

Trp

gcg
Ala

CCC

Pro

AaC

Lys Asn

320

aac
ASn
295
gac

ASpP

cgo

Arg

gtc
Val

cgc

Arqg

Jgag
Glu
375
gcc

Ala

Sheet 20 of 38

taagctcctc
ctgctectge
aaacaaaaca
cccetrtctag
cteggtcettt
Jgagtagaacc
gagactctgg
tagtggctgc

gacggcecttcet
tgctgctgct
gaaacaagcyg
tgtagtagtt
ttgcgagtig
acagcegtgtt
aattgcagtc

agcttacaaa

tgctgtcagt
ccgeygygygday
aggcgcggtyg
Cgatagtcgt
Ctgcgactceg
ggggtagcag
agecctgegtce
cgcgageatg

cgctctgacg
gygagygcaac
caatggtcgt
acataagggag
tgattatggc
cttgctccgt
gcccctetag

gtgaacatct

US 8,916,363 B2
cac gcege atc atce gac 3611
His Ala Ile Tle Asp

200
gag tgg ggt gac tgg 3658
Glu Trp Gly Asp Trp

315
ccg act gceco aac act 3707
Pro Thr Ala Asn Thr
330
aag CcCcc ggt ggc gag 3755
Lvs Pro Gly Gly Glu
345

tac gac agc ttcec tgce 3803
Tyxr Asp Ser Phe Cys
360
gee ggt ace tgg aac 3851
Ala Gly Thr Trp Asn

380
aac ccg tcee tte 2896
Asn Pro Ser Phe

395

gtggtgtgct ggtggtgccc 3956
gaaaatgaag tcctgcecttca 4016
gcgtitcocgtbct tttttcatgt 4076
tttcagaacce gtgetctetge 4136
ctttgttgct cgttgcggca 4196
aggacgtagg gaaacaacct 4256
gaaacgaagyq ggagaaccag 4316
cCcgagaaaaqg gdgagggatcc 4376
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SEQ ID NOs: 9 and 10 ¢g2 gene encoding EGII

ol
121
181
241
301
301
421
481
541
601
6ol
721
781
841
901
96l
1021
1081
1141
1201
1261
1321
1381
1441
1501
1501
1621
1681
1741
1801
1861l
1921
1981

tgctgctctgatgtgctgatgcacagecttcececctcecgecgattgceccggcaggatctccaacce
ctctggatcggagcagacgatcagecgggeacaatggceccagecttgeccagegttcaactaeca
agttgacccgcttttatcacgcecccaagctggacatgcacaggcttggecttctcgtgttcc
tacgatctgcacagtaggtttgactgctgatcttcgctttecctgtgecgeccctecccecectcec
ctcacgggtaccttatccecttgectgtaaccecgegttatgtcaaacttgagtttgaccaa
tgctagcgcaaaagtacctacatagtactatgtaataaggtaggtacatacatcagtagg
cgtttatctagtaaattttggctttttgaaactcaattgctcctctecctcgecctccacct
ctgcttggcaattgacaaccctggctgtgecctagaggtagcatcgacgatcaatcaaatc
taaagtattcgagattgacctttctgctctaattatattaattatccgcacaatgctgta
gtcattgactctccitttcaagttgccttctcgtttatgtatgtacaatgggecggtcatge
ttcatgccaacagatggttctatcggaacaatgtttgactttctggtcgecccecgtcecgaac
tgttttgatttcgcacgggaagtgttcttaccaaagctaagtcgactcgtggagettcgt
adcggccagtgatcgttgatcgecttttggaggagttgcgatggagcgagaccggctacga
gecacgttcgcaaaggcagcacgatagacgaccctecgtggecgeccattcgggagatgcaca
Lgacaltaagcatatcaatactcacclgaactcalcggccgatgectegcaggtagttaca
Agacatatitgtgtgggtatattatcccaacccgtacctttgtecgegtcatttecggtatg
tgctgatgcctacttagggagcaaagacgcctctectcacctgecgggttacttacttact
gtgcagcatggccttatgttctecececgggticttgecttgecgcgaatgaacaaaaacgececcga
agaaaagccgcettcecttecgagttgtgtcectacccgaacataagaggttattgtecgecagaceg
ccagcaaatgtcaacaacccacccacggcgttccagaaccttcgaaatatcatctagttt
aagtttaaatgacggcccgagtcccagecgagattecccatattggecgataccagegttce
cctigrtttttccaaggtigtctcgtcaactggocgcatctgecctacaacgagatataatta
CCgLtttcttttgcaaaagggcatgcatggatgtatattatttatgcctgcagaacgaga
agcaatcatggtgtaggttttgtgcggtatggagctaataatattgaacggatctctggt
ccgtectaaategttgaaacgectaggecccaggaggacctgetegacttggcgaacggaga
tttccaggatgaaaggtcggaacatgtccateccgecggccagectgaacacttttgetegt
ttccggaccatcgacccacgaaaacagtgcggttgctggcacagtcagcactcacgatgg
cgatggtccagcccgticcecgecccgatgeccacttgcagecgcaactctecctttcattcgge
ggcccggcggtgtctggecctattagtacgattttggataccggecttggtcgececgecgegyg
LCttLtcttggccgatacgggaatctcggtggtcecaacteccacctgggecacgectctggtg
ccaacatggaacttcgggatgccgctceccgggcacagtcaagecgetttaaaatacgacttt
accccacaagaatcgaggcgtaacccggaattagggacacctggacggcgcaaccecctgg
accgaagggcctcgcectaaccgggtttcctggageccgecatgecgeggectgeccgettgeccgce
tCttgagatgacacttcttttcagcgagggatggtcgggcagggaaatgatgtattataa

US 8,916,363 B2



U.S. Patent

Dec. 23, 2014 Sheet 22 of 38

FIGURE 12 (CONT’D)
SEQ ID NOs: 9 and 10 eg?2 gene encoding EGII

2041
2101
700

21lol
720

2221
740

2281
760

2341
780

2401
800

2461
820
2521
2581
86l

2041l
881

2701
901

2761
921

2821

gaagcgagccgattccgaaggactcgaccececctctctecgecctgtgteccgecagectaatt

acagcactccttctcgacttgaaacgecccqgagATGAAGTCCTCCATCCTCGCCAGCGTCT
M K S S5 I L A § V

TCGCCACGEGCEGCLCOGTGGLCTCAAAGTGGTCCOGTGGCAGCAATGTGGTGGCATCGGAT GG
A T 6 A V A Q¢ &S G P W @ ¢ C G G I G W

AAGGATCGACCGACTGTGTGTCGGGTTACCACTGCGTCTACCAGAATGATTGGTACAGCC
Q 6 5 T D C€C V S G Y H €C VvV Y Q N D W Y S

AGTGCGTGCCTGGCGCGGLCETCGACANACGCTCCAGACATCTACCACGTCCAGGCCCACCG
C ¢ v p G A A S T T L © T & T T 8§ R P T

CCACCAGCACCGCCCCTCCGTCGTCCACCACCTCGCCTAGCAAGGGCAAGCTCAAGTGGC
A T & T A P P S & T T § P § K G K L K W

TCGGCAGCAACGAGTCGGGECGCLCGAGTTCGGGCGAGGGCAACTACCCCGGCCTCTGGGGAA
L &6 5 N E & 6 A EE F G E GG N Y P G L W G

AGCACTTCATCTTCCCGTCGACTTCGGCGATTCAGgtacgggccaataataatatattat
K H v I F P S T S A I Q

tatagcaggcaggagggagcaggagaagaagggaggggcaggtggccaacaatcggaaga
agaccgggaggcactgaccgttgattectttgtgtaatagACGCTCATCAATGATGGATA

lr L 1 N D G Y

CAACATCTTCCGGATCGACTTCTCGATGGAGCGTCTGGTGCCCAACCAGTTGACGTCGTC
N I F R I D F S M E R L V P N O L T S8 S

CTTCGACGAGGGCTACCTCCGCAACCTGACCGAGGTGGTCAACTTCGTGACGAACGCGGEG
F D B GG Y L. R N L T E V V N F V T N A G

CAAGTACGCCGTCCTGGACCCGCACAACTACGGCCGGTACTACGGCAACGTCATCACGGA
K Y A VvV L D P H N Y G R Y Y G N V I T D

CACGAACGCGTTCCGGACCTTCTGGACCAACCTGGCCAAGCAGTTCGCCTCCAACTCGCT

US 8,916,363 B2
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FIGURE 12 (CONT’'D)
SEQ ID NOs: 9 and 10 eg2 gene encoding EGII

941

2881
961

2941
981

3001
1001

3061
1021

3121
1041

3181
1061

3241
1081

3301
1101

3361
1121
3421
3481
3541
3601
3661
1221
3721

T N A F R T F W T N L A K QQ F A S N S L

CGTCATCTTCGACACCAACAACGAGTACAACACGATGGACCAGACCCTGGETGCTCAACCT
v I ¥ D T N N E Y N T M D O T L VvV L N L

CAACCAGGCCGCCATCGACGGCATCCGGGCCGUCEGCGCGACCTCGCAGTACATCTTCGET
N @ A A I D G I R A A GG A T S5 @@ Y 1 F V

CGAGGGCAACGCGTGGAGCGGGGECCTGGAGCTGGAACACGACCAACACCAACATGEGCCGC
E G N A W S5 66 A W S W N T T N T N M A A

CCTGACGGACCCGCAGAACAAGATCGTGTACGAGATGCACCAGTACCTCGACTCGGACAG
L T D p @ N K I V ¥ E M H @ Y L D &S D S

CTCGGGCACCCACGCCGAGTGCGTCAGCAGCAACATCGGCGCCCAGCGCGTCGTCGGAGC
s 6 T H A E C V 5 S5 N I GG A Q@ R V V G A

CACCCAGTGGCTCCGCGCCAACGGCAAGCTCGGUGTCCTCGGCGAGTTCGCCGGCGGLGL
T ¢ W L R A N G K L @ V L 6 E P A G G A

CAACGCCGTCTGCCAGCAGGCCGTCACCGGCCTCCTCGACCACCTCCAGGACARACAGCGA
N A V C Q@ Q A V T G L L D H L @ D N S E

GGTCTGGCTGGGTGCCCTCTGGTGGGCCGCCGGTCCCTGGTGGGGCGACTACATGTACTC
v w L 6 A L W W A A G P W W G D Y M Y S

GTTCGgtaagtttctecccttgttecttggcttteccecececcagtaagggagtcaggcaacat
E
gcccaagaccggctcggcecttegecttcaaggegttecgttgtacacactgaagagttccaac
ttccaaccectgttecgtgtccteccgatcagecttcgacggggtgaagggggaagggatttgg
gagtgaggtggaggtcaaaaggagggatatccccagatctccacaaacggecctgageca
acaacagcctctggggtcaaaatgggcgccaaccatacggtcattcactcaggacacctg
ctaacgcgtctettttttttgtttccagAGCCTCCTTCGGGCACCGGCTATGTCAACTAC
E P P S G T G Y V N ¥
AACTCGATCCTARAGAAGTACTTGCCGTAAggggcatgcagcaaggtcgagcgagcatta

US 8,916,363 B2
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FIGURE 12 (CONT’D)
SEQ ID NOs: 9 and 10 eg2 gene encoding EGII

1241
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
1621
4681
4741
4801
4861
4921
4981
S041
5101
5161
5221
5281
5341
5401
5461
2521
5581
>4l
5701
5761

N 8§ I L K K Y L P ~*
ttcagggccatctgcttgtgtcggcaggcatcacgtcaacccatcgaatcggacagcgga
atgctcoccgagatgecatacactaagtectggtgatgacgtgagaatgctggccctggticgyg
gggttaccgccaacaaaaagcacccggacgcectgceccgegececcggataccatggtttcatgt
acatattggttctttgectttecttacgggggggggggggggggggggcrctgcagcgtttgce
tgagcgattcgtttceccaagtatatactttgtctggaattgaattttgagtgacattgacc
caatcaaccagctcggtgtgctcacctceccecgttacececcectecttctececcectgectecggce
ttggctttcctcteccggtgtggagcacggeccacggecggtcccaatceccatataagatcgat
ggtatactatggtatacactagcttgggaataaactaatccatacgctaactaatggacg
gattatcctaagggtcaccggctcaccgttggatataacacctaggatacgggagagctg
atagaaagggatgtactccgtattgtactgtacaatacaaagtacagatagcacacgaag
tacggtaggtggtcccgecctagtccggaccaacaatagaacatgecgttcecctggggacctg
caggaaagaagggggggggggttgccaagacgcecccggggttcaaagaaagececccgyggecg
ccgatgagatgagacggacgccggcccaaggagaggecggtggtcgatcctgcaaatgcec
agcaaaaaaaatccataccataatccagtcaactttcgtcacactecctgtgaaacgagcet
ggagggactgctggaaaggttttgcaggttaatcactgtatgtggagcatgccgttaccta
ctgtgcttcgttaacagatagagttccagttgaacacacaaagttctgcccecgecctgeca
gacgtgaaaagaagctcctceccgggggagcecttitaggcaactgggagggectctctcccaggt
tcatggtgtctgetcecttcttcaaatttttatgectgeccaccececatttgacagaggtgtgca
caccgttgccaggtecttgeccatceccggcaaaaagcagaaaagtcgacccatcgectaagaa
aggcggtcggaaggggatcggatgctcattgcggcttagecgtctgcccattcectgacgcectyg
cccattgttttgtgtcgcattcgtcttcggatgtecggatcaagagtccecggatttittcce
cctgtgcttccagcectaatctgagecgggagctggetecggtttcgagtggagttgecctgt
tggtggagcagcaaccageccaattcactccecececgecattttocgecggecgececcaggecatccc
cggcatgcgtttgggcggtaactactccgtactggggtaggtgaaattggttcectceccecgtc
gcaggaggctcgtgctocggtcaggggagaacaaagtccaactgctecttecctggcaacaa
tgagagggggttctattgccaacgtitgcacgaaaggagcagccacaaaacccaaaagcag
gttaccttactgtacctgagcttgaacgtegecgtagecattggagectctecgtectacegged
gcgtcacactccattgqgcaggtcaaggcagtcagtggcagcgacccaacaacgtcaatge
ttgttaccceccagaattacceccgggctgcaacactgcaggggeccgeccgecgatgttgatca
ccggttgattacttctcggccecgcaaccgggagatgagaagcagaactttgttectcecttt
caaaaaggacctgacttgcggggaacgcactgccggcagtggagtggatgcacgctagtt
atatgtttcccecgecatcecceccececagtecgecegtegegttecgtgaggcectcagtttggettcececc
gtgccgccgacaaacgagcggtgcataattacatttcgecteccatgtaccgtgcaccecctcece

ccgttcgcgaccgtagta

US 8,916,363 B2
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FIGURE 13

SEQ ID NOs: 11 and 12 bgll gene encoding BGL

1 ccggccteccagttceccaggagettggetcectgecgacatactgtgtacactaggaattctct
61 tatgcggggtgtgcgcggggaaatgttggggaactcgagttgggtcatgtggacaagacce
121 aatgggagctgacatcattgtgcgacccgttaaaccggaagctacaacaacattctggat
181 tctacactagtggaagaggtaagtaattgacgacaagcaagaagcattgccatgttctgc
241 gaaggatgcgggtgtttttgcatgagcaggaagctgtggctttttagtgctectttgtgc
301 tcgccgggcgcgcagaacactaccgaaacgcaggggactgecgtgectectggggtcgaatg
361 ccgatccccatcttcacattcccaccatcgitgttctgttaacgaagccggagcggcggyga
421 actcgaagctccactacgtatggatacttgggaccgtacggagtgtgttggtacggatgc
481 ctgcacaagtgttgtgcttcctacgaagacgccaacccacataatacacaaaagectgttg
041 taagtcgagttacctcaggcacgttcgggcaactcgggcaacctgacgagatttcceccge
601 cattccgccaagaggccggcecgectgecctgattaggecagectcecttggaacaatactatgta
06l gaatggaagctccatccatagtcagctccattggcggtcccagtgatctecgatggectgga
121 tggctgctctgtacggtacatacatagtaagttctcecgecttgagagecccaattecgetgea
781 atagcatcttticcececgecagtgcgececggecgecctgggttececcgeteccacaatgaccttiget
841 Cfctggagcitctcgacgaacagatcggeccecgbttecttctoccacaccaatccgaaccagtc
901 gggagcatggctgcggatgcgacgcagcecttcecttecgegetgtacaaacagctceccgggaa
901 cgtcgactggtatgtacggactacagtaagtacactacgagtgcacatactgacgaatac
1021 cggcctcagaggaacctggcaggaccctacceccccacacgaaaccacagcgagaaagcecgcecaa
1081 tggatcagtaactactgcgaagtaaccgtggtccecgggcaaaggatctgagggecgatcg
1141 ctcgtggggctgcgaggcgagggagagcaaacaagecagtecectececgecgaacctggaaaa
1201 tcacttataaacacacgtcaccggcgeccggqggtgcecgecgeccatgtgtcacctccaggetcc
1261 tcccgggcgatgatctctgccggtgeccatcaatcatctecggttcgeccgcagectgettett
1321 tctgtgcagtgaacgctctcaaactgcaacgacgctgtccgacatgaaggctgectgeget
1381 CLcctgcctcliitcggcagtaccecectigecegtlgcaggecgecrattgaatcgagaaaggialg
1441 gacgggctttcgtcaaagactcgctcececcgatcaacttcececctttcatccagaccacccc
1501 aaccctcccagtectgecttecgagcacgatctecttecgggcagecacceccaccecacatceccecact
1561 cagattagcggcgacaccgttgactgttgcaatccgecaatcgacATGCAACTTCCAGCCG
M O L P A
1621 CAGCCCAATGGCTGCTCACGCTTCCCGCGAAAGCCTCACTTGCTGACAATCATCGTCAGG
A A Q W L L. T L P A K A 5 L A D N H R O
1081 TTCACCAGAAGCCCCTCGCGAGATCTGAACCTTTTTACCCGTCGCCATGGATGAATCCCA
v H ¢ K P L. A R § E P F ¥ P § P W M N P
1741 ACGCCGACGGCTGGGCGGAGGCCTATGCCCAGGCCAAGTCCTTTGTCTCCCAAATGACTC

N A D 6 W A E A Y A Q A K S F V S QM T
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FIGURE 13 (CONT’D)
SEQID NOs: 11 and 12 bgll gene encoding BGL

1801 TGCTAGAGAAGGTCAACTTGACCACGGGAGTCGGgtaagttttgtcattttgtccaggta
L L E K V N L T T G V G

Cl Bgll 236 for

1861 acatgcaaatggttctgctaacaataacttaccgtagCTGEEEEECTGAGCAGTGCGTCG
W G A E Q C V
1821 GCCAAGTGGGCGCGATCCCTCGCCTTGGACTTCGCAGTCTGTGCATGCATGACTCCCCTC
G ¢ v 6 A I P R'L G L R 83 L C M H D S P
1981 TCGGCATCCGAGGAGCCGACTACAACTCAGCGTTCCCCTCTGGCCAGACCGTTGCTGCTA
L 6 I R 6 A D Y N S A P P S G Q@ T V A A
20471 CCTGGGATCGCGOTCTGATGTACCGTCGCGGCTACGCAATGGGCCAGGAGGCCAAAGGCA

T w D R 6 L M ¥ R R G Y A M G @ E A K G

2101 AGGGCATCAATGTCC T TCTCGGACCAGTCGUCGECCCCCTTGGCCGCATGCCCGAGGGCG
K G 1 N V L L ¢ P V A ¢ P L GG R M P E G
216l GTCGTAACTGGGAAGGCTTCGUTCCGGAT CCCGTCCTTACCGGCATCGEGCATGTCCGAGA
G R N W E G A P D P .V L T G 1 G M ! E
C1Bgll 682 rev
2221 CGATCAAGGGCAT T TCAGGATGCTGGCGTCATCGCTTGTGCGCAAGCACTTTATTGCGECAAACG

T I K 6 I © D A G V I A C A K H F I G N

2281 AGCAGGgtgagtagtcaaagacgggccgtctecggaccecgeggcecttcaagetgectgactcet
E O |
2341 gctgcagAGCACTTCAGACAGGTGCCAGAAGCCCAGGGATACGGTTACAACATCAGCGAA
E H F R ©Q VvV P E A QO G Y G Y N I S E
2401 ACCCTCTCCTCCAACATTGACGACAAGACCATGCACGAGCTCTACCTTTGGCCGETTTGCC

r L s s N I D D K T M H-E L Y L W P F A
2461 GATGCCGTCCGGGECCEGCETCHEGETCTGETCATGTGCTCGTACCAGCAGGTCAACAACTCG
D A V R A G V G S VvV M C S Y Q@@ @ V N N =5

2521 TACGCCTGCCAGAACTCGAAGCTGCTGAACGACCTCCTCAAGAACGAGCTTGGGTTTCAG
Yy A C ¢ N $§$ K L L N D L L K N E L G F O

2581 GGCTTCGTCATGAGCGACTGGCAGGCACAGCACACTGGCGCAGCAAGCGCCGTGGCTGGT
G F VvV M &S D W O A Q H T G A A &S A V A G

2641 CTCGATATGTCCATGCCGGGCGACACCCAGTTCAACACTGGCGTCAGTTTCTGGGGCGCC
L p M s M P GG D T Q F N T G V & F W G A

2701 AATCTCACCCTCGCCGTCCTCAACGGCCACAGTCCCTGCCTACCGTCTCGACGACATGGCC

N L T L A v L N 6 T V P A Y R L D D M A
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FIGURE 13 (CONT’D)
SEQ ID NOs: 11 and 12 bgll gene encoding BGL

2761 ATGCGCATCATGGCCGCCCTCTTCAAGGTCACCAAGACCACCCACCTGGAACCCATCAAC
M R T M A A L. F K VvV T K T T H L E P I N

2821 TTCTCCTTCTGGACCGCACGACACTTATGGCLCCGATCCACTGGGLCCGCCAAGCATGGCTAC
F S P W T D D T Y G P I H W A A K H G Y
2881 CAGAAGATTAATTCCCACGTTGACGTCCGCGCCGACCACGGCAACCTCATCCGGGAGATT

Q K I N 5 H V D V R A D H G N L I R E I

2941 GUCCGUCAAGGGTACGOTGCTGCTGAAGAATACCGGLCTCTCTACCCCTGAACAAGCCAAAG
A A K 6 T v L L K N T G & L P L N K P K
3001 TTCGTGGCCGTCATCGGCGAGCGATGCTGGGTCGAGCCCCAACGGGCCCAACGGCTGCAGC

FV AV 1 6 E D A 66 S S P N G P N GG C S

3061l GACCGCGGCTGTAACGAAGGCACGCTCGCCATGGGLCTGGECATCCGGCACAGCCAACTAT
b R 6 ¢ N E G T L A M G W G S G T A N Y
3121 CCGTACCTCGTTTCCCCCGACGCCGCGCTCCAGGCCCGGGCCATCCAGGACGGCACGAGG

P Y L V. 5 P D A A L Q A R A I Q@ D G T R

3181 TACGAGAGUGTCCTGTCCAACTACGUCGAGGCAAAAGACAAAGGCTCTGGETCTCGCAGGCC
Yy £ &S Vv L S N ¥ A E E K T K A L V¥V § Q A
3241 AATGCAACCGCCATCGTCTTCGTCAATGCCGACTCAGGCGAGGGCTACATCAACGTGGAC

N A T A T V F V N A D S G E G Y I N V D
3301 GGTAACGAGLGUGACCGTAAGAACCTGACTCTCTGCGAACAACGGTGATACTCTGGTCAAG
c N B G D R K N L T L W N N G D T L V K

33061 AACGTCTCGAGCTGGTGCAGCAACACCATCGTCGTCATCCACTCGGTCGGCCCGGTCCTC
N V. §8 8§ W ¢ & N T T V V T H § V G P VvV 1

3421 CTGACCGATTGGTACGACAACCCCAACATCACGGCCATTCTCTGGGCTGGTCTTCLGGEEC
L Y b W ¥ D N P N 1 T A LI L W A GG L P G

3481 CAGGAGTCGGGCAACTCCATCACCGACGTGCTTTACGGCAAGGTCAACCCCGCCGLCCGEC
Q E S 66 N &§ I T D V L Y G K V N P A A R

3541 TCGCCCTTCACTTGGGGCAAGACCCGLGAAAGCTATGGLCGUCGGACGTCCTGTACAAGCCG
s P F T W G K T R E S ¥ G A D V L Y K P

3601 AATAATGGCAATGGCTGCGCCCCAACAGGACTTCACCGAGGGCGTCTTCATCGACTACCGC

N N G N G A P Q Q D F T E G V F I D Y R
3661 TACTTCGACAAGGTTGACGATGACTCGGTCATCTACGAGTTCGGCCACGGLCTGAGCTAC
Yy ¥ b K v Db D D & V I Y E F G H G L S X

3721 ACCACCTTCGAGTACAGCAACATCCGCGTCGTCAAGTCCAACGTCAGCGAGTACCGGCCC
T T F E Y & N I R V V K § N V § E Y R P

3781 ACGACGGGCACCACGGCCCAGGCCCCGACGTTTGGCAACTTCTCCACCGACCTCGAGGALC
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FIGURE 13 (CONT'D)
SEQID NOs: 11 and 12 bgll gene encoding BGL

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381
444]
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221

T T ¢ T T A ¢ A P T ¥ G N F S T D L E D
TATCTCTTCCCCAAGGACGAGTTCCCCTACATCTACCAGTACATCTACCCGTACCTCAAC
Yy L ¥ P K D E F P Y I Y QO Y I Y P Y L N
ACGACCGACCCCCGGAGGGCCTCGGCCGATCCCCACTACGGCCAGACCGCCGAGGAGTTC
rT T D P R R A S A D P H Y 6 Q T A E E F
CTCCCGCCCCACGCCACCCGATGACGACCCCCAGCCGCTCCTCCGGTCCTCGGGCGGAAAC
L p P H A T D D D P Q P L L R S S G G N
TCCCCCGGCGGCAACCGCCAGCTGTACGACATTGTCTACACAATCACGGCCGACATCACG
s P G G N R Q L Y D I Vv XY T I T A D I T
AATACGGGCTCCGTTGTAGGCGAGGAGGTACCGCAGCTCTACGTCTCGLCTGGECEGTCCC
N T G § V V. ¢ B K V P Q L Y V S L G G P
GAGGATCCCAAGGTGCAGC TGCGCCACTTTGACAGGATGCGGATCGAACCCGGCGAGACG
E b P K Vv Q L R D F D R M R I E P G E T
AGGCAGTTCACCGGCCGCCTGACGCGCAGAGATCTGAGCAACTGGGACGTCACGGTGCAG
R 0 v T 6 R L T R R D L S N W D V T V Q
GACTGHEGTCATCAGCAGGTATCCCAAGACGGCATATGTTGGGAGGAGCAGCCGGAAGTTG
b W v 1 & R Y P K T A Y V GG R S5 & R K L
GATCTCAAGATTGAGCTTCCTTGAATGAGTTTCATCAGGGGCTGCAGAGGGATGGTAACA

b L K I E L P *
CGTTCTTAATCAGAAGTATGATGGAGAAAAGCACTTGGCAAGTTCCGGTGAGCAARAANGA
AGGCACTTATTAAGTGTAGGGCGGTGTTCTATGTTTAATAGGTGCTATGTTTACATATAA

TTAGTATATAATGATTTAATAATTATGTTTAGCAGTTGCTAATGTCGTAAATTTCGGCGT
GTGATGACTGCTACAACACTGGCTTCTGTCTTCTAGTCGCUCCATTGTTAATTATGAAGGTTA
TTGTCTACAATTTCTAATACCTTATGGATGATTGCCCAGCTGGTTTCAAACTCGTTACGC
GCAAATGGTACGATTGAGGTATTATTCATTGTAAGTACCTCCGTACAGCGTCCCCAACTA
ITTCCATTCACGAGATGCCTCGCTTTTCGGEGTGCTTTCGGAACAGGGCTGGCAGCGGATCA

TGGCGCGATCAAAACATGGCGAGCAGCTGETCCAGGACGGAGGACAGGTTGGGEGACTGATG
CCTCCCGGACGCATTAAGGTCAGAAGATAGACACGTTTTACACAGCGTTGAGACCGACAA
GCCACATTAGGCAGCGCCGGTTGCACCACCGCCGTCACGGGCAACGGTTCAATCAATCGA
CAACAGTGGAAGACAAAGTACTGAAGATCAGGTATTAATAGTGTGAGAGAGAAACAGACG
GTGGAACTAGGGTGCTAATATTTCTCTTGATTTCGGTGTCCATGGTAGTACAGAACACAA
GAARARAAGAAGGAGGAGTGAGCGLAGAAGGAGGAGGGGGAAGCCAGAAAAAAGAACATGAA
AARAGCATACACATTGGAGTCGGTCAGTCGGTTGATTGGTTTGGTAGAGAGCGAAAAAGCA
AGCGTCACCTGTAGGATTCGAACCTACGCTCCCGAAGGAACTGCCTAAGAACGCTAAGCA

US 8,916,363 B2
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FIGURE 13 (CONT’D)
SEQID NOs: 11 and 12 bgll gene encoding BGL

5281
5341
5401
546l
5521
5581
5641
5701
5761
5821
5881
5941
6001

AGGTTAGCAGGGCAGCGCGTTAACCACTCCGCCAAAGTGACTGTCGTTGATCATGGTCGA
ATTCAAGTAGCTTATAGGAGTTCAACCAGATCACAAATGCATAGGTGCTCGTAGAACGGT
CTAAGTATGAGTTGATTATAAGCAACCGAATGGCTCTCAGCGGCAACACCGTAGCTGAAG
TAACAAAACGCACCTTTGGTTACTTTCTGACTATAAAAATGGGATATTTGGAAATGACCA
CCCGATAAGGTGTCAAATTCTAAATGACTGTCTGGGTGTGAAGATGTTACTGTGGTTCCA
CCACGAACCAGTTTTAGTATCCGCATGCTTCAGTCTCTGCGCCTCGACAGGCGGAGGGTG
TGTGTTAGATCAGAATCGATGTGACGCTGTGACCGCGAGGCTCTCGAGCCTAGGTGCGGT
AGTTCTGTTCAAAAAGAAGTGTGTGGCCCGLGETTTEGGCGCCCTTATAGCCTACCATCCTG
GUCTGTGGTTCCCGAGCGGGAGCCGGTTCTCCGTTTTGGTTCCGATAAAGTGTCATATCTG
CCTCCCGGTTTCGCATCTAATTTCTGACTTCGTTCGGGACCTCTGGAGACGTAGGGATAG
GTATGGGATATGCCCGGCATTTCGTAAATGTCCATAGTCTCTTTCGGGACGAGGCGGCAA
GUCTCTCAGAGCTATCTAAGCTTAACCAACCCCTGATCCTTAACCCTCCCAGACCACACCT
CCTGGGAGAATAAACCGGGCTCCAAGATCGARATCGAAATCAGTGCGCGAACTTGAAATC

US 8,916,363 B2
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FIGURE 14
SEQ ID NOs: 13 and 14 eg5 gene encoding EGV

atg
Met
1

ctg

Ley

cag

Gln

cgg
AXqg

65

agc

Ser

aag

ctg

L,eu

cat

His

gcc

Ala

aag

Lys

gcc
Ala
50

tece

Ser

0y B

Pro

ctc

Leu

aCC

Thy

CLCC

Lieu

cag

Gln

ceyg
Pro

35

ggc
Gly

Trp

gccC

Ala

tLc
Phe
115

tce

Ser

ctc¢
Leu

20

agce

Ser

gac

Asp

Cys

={e]e

Ala

ggc
Gly

100

aCC

Thr

Dec. 23, 2014

gcc

Ala

tcg

Ser

tgc

gac

ASD

Val
BH5

agc

Ser

agc

Sexr

acCC

Thy

ggc
Gly

gcc

Ala

aal

Asn

gcd
Ala
70

agc

sexr

tCC

sSer

g99
Gly

acC

Thry

agc

Ser

Trp

gac
ASD
55

ggc
Gly

gac

AsSp

dad
Glu

ccg

Pro

gg99g
Gly

ggc
Gly

CcCC
Pro

40

aa’

Asn

ggc
Gly

dgad
Giu

tCcg

Ser

Val
120

tte
Phe

cag
Gln
25

dge
Gly

ceg

Pro

agce

SeY

ctg

Leq

cag
Gliln
105

gy
Ala

ctcC
Leu

10

ctc

Lieu

gcce

Lla

tcg
sSer

90

Trp

ggc
Gly

gce

Ala

acc

Thr

gdco
Gly

aal

Asn

tac
TYY
78

tac

cte

Leu

cgg
Arg

CCeC

Pro

gac
ASp
60

atg
Mel

ggc
Gly
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ceq

Pro

tac

CLcg
Ser

45

ggc
Gly

Trp

gco

Ala

atg
Met
125

gcc

Ala

Trp
30

cct

oer

ggc
Gly

tCc

Ser

gcg
Ala

atce
Tle

ctyg
Leu

i5

gac

Asp

cCcg

Pro

rtcc

sSer

tCce

Sexy

gcg
Ala
g5

cac

gtg
Val

US 8,916,363 B2
qCc 48
Ala

tgc 896
Ccys

gtg 144
Val

acc 192
Thr

cag 240
Glin

80

gtc 288
Val

gag 336
Glu

cag 384
Gln
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FIGURE 14 (CONT’D)
SEQ ID NOs: 13 and 14 egS gene encoding EGV

gcg acc aac acc ggt ggcec gac ctg ggce gac aac cac ttt gac ctg gcc 4372
Ala Thr Asn Thr Gly Gly Agp Leu Gly Asp Asn His Phe Asp Leu Ala

130 135 140
gtgagttgcc tCeCCCLLCLC ccoccggaccegce tcecagattaga tgagattaga ctttgcectegt 492
daatecggtce aagattceccocct tgactgacca acaaacatca tacgggcag atc ccc ggt 550
Ile Pro Giy
145
ggc ggt gte ggt att ttc aac g gtaagctggt geccecggac cecectececcecgyg 602
Gly Gly Val Gly Ile Phe Asn
150
accccectecocee cttttectee agegageocga gttgggatceg ccgagatcga gaactcacac 662
aacttctctc tcecgacag cc tgce acc gac cag tac ggcec gect ccc ccg aac 711
Ala Cys Thr Asp Gln Tyr Gly Ala Pro Pro Asn
160 165
gac tgg ggcec gac cgce tac ggc gge atce cat tccec aag gaa gag tgce gaa 759

Gly Trp Gly Asp Arg Tyr Gly Gly Ile His Ser Lys Glu Glu Cys Glu
170 175 180

tcc tte ccg gag gcc ctce aag ccc ggce tge aac tgg cgce ttce gac tg 806
Sser Phe Pro Glu Ala Leu Lys Pro Gly Cys Asn Trp Arg Phe Asp Trp

185 190 195
gtacgttgcect ttgacatacc ggaacccaat tcecctecaace cceccccettt tectceccceaa B66
ctccgagggt agtcggaatg tegcecgactga ccoctatttca g g tte caa aac gcce 9220

Fhe Gln Asn Ala
200
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FIGURE 14 (CONT’D)
SEQ ID NOs: 13 and 14 eg5 gene encoding EGV
gac aac c¢cg teg gtce acce tte cag gag gtg gec tge ccyg tcecg gag ctc 968

AsSp Asn Pro

acg tcc aag
Thr Ser Lys
220

Ser Val Thr Phe Gln Glu Val Ala Cys Pro Sexr Glu Leu

205 210

agce ggce tgce tece c¢cgt taa
Ser Gly Cys Ser Arg
225

215

985
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SEQID NOs: 15and 16 eg7 encoding EG VI

6l
121
181
241
301
361
4121
481
541
601
obl
721
781
841
001
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

1621

le81

GCGCTTCCGGCCTGGGCGAGTAAAATGACGGAAGCCgggcccecgtccgactgegttttgtce
ccaactcggaagcaggecatecgrtttttgggcgggaggaagecgtttgcaacacgecactatcqg
ccaaggtggactcggcgcaatctggaggttcggceccgecggaggacggaatccgggetgaa
tctgcgcaaaggctgaccecctgecgatggtgggaaaatgtaaatatgtgaagttataggcat
ataggactcagcgatgacatggaaattgcagaggcatgtgggatttcagecgtttggcatg
cattggtcggatctctcgecttgtectgatgtgateccecgecggaggtgtttecggtectetgqg
ggaagggaccaccocctggeccececacctgceccccgeatcatgectegeccacgacteccegeg
cgccgaggaagaacttcgggtctttgtgacgggagattccactgagtgagcattggeccaa
ccaagcacacaattactccgtacatacacagtacttctgacteccgtaaagtaaacegtgt
gtttcaaagatcggtaatccgtaacaggtactccgtatctaaggtaaatttaccctgtgc
acggagcagaacctgaacttcttcecccecctetrttactcgagtagtcaccctactccaacca
gcggcttttcaactcgcaaagtecttgtttataacagtgcatatacctgecatttcgtatet
cgctagtgtaaagacgaccacacgcggacaaagaaagaaaaatccaattgecccgatggcet
cttagtttgagygacagcagcgaaggactacactgcgeccgtagtgaccaggccaagaaacy
cgaatcgtatattaacggcaaatcaaaatggattatatgccatttcgetttieccgggtitgeg
tgctcgtccgaagtctggtgecgatcgattgcgaacccccggaatcgecgggatgattect
acagccgccgaaagggggggggggggaggggggtctggacgggacgtgcataacttcgaa
tttctagaatattgcggattgggttcccttcagcecctgecgagecgegececcecctttctggaac
cgcacccttcaccggttccacacacagaggacatgggtggaaatgtgtacctgacggttg
ccccectttgggacagtggagaggcggatgticggataaccatccggagecgcagtgtegac
caagatcttggcttaccatcgacaccaacatgcggactcgtccectcagtcatggagectt
gagctcgcggagcectcogttcgaagecggctatccecgtectgecagecggaggatctecgtacce
gcttccgcgaactgtgaatgtcctgggtataagagcatggecgcgaccttgtctcgtcagg
aacggggaggaggagggcecttggttagggtcgcgttecgtttggagattgctgagctctgag
ccttcggteccttggatcecctgecggtecececcggtectoctectetectectetectetectctectcetce
tctctctecttcttcccacgetecgttcgacagacgecteccecttettegectectectttecce
tcgcacgtagcacactaatagtgcaccATGCGCGTCTCTAGTTTGGTCGCGGCCCTTGLT

M R v 585 § L Vv A A L A

ACCGGTGGTCTTGCTCGCCGCCCACGCCTAAGCCCAAGGGGTCGTCGCCCCCTGLGLCCETE
T 6 6 L v A A T P K P K G 8§ § P P G A V

GACGCGAACCCTTTCAAGGGCAAGACGCAGTTCGTCAACCCGGCATGGGCGGCCAAGLCTG
b A N P F K GG K T 0 F VvV N P A W A A K L

US 8,916,363 B2
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FIGURE 15 (CONT’D)
SEQ ID NOs: 15 and 16 eg7 encoding EG VI

1741 GAACAGACCAAAAAGGCGTTCCTGGCCAGGAACGACACCGTCAATGCCGCCAAGACGGAG
E O T K K A F L A R N D T VvV N A A K T E

1801 AAGGTCCAGCAGACCAGCTCGTTCGETCTGGETCTCGAGGATCGCCGAGCTCTCCAACATC
K v ¢ ¢ T S § F VvV W V §8 R I A E L S N I

1861 GACGACGCCATCGCGGCTGCCCGCAAGGCGCAGAAGAAGACGGGCAGGAGGCAGATCGETC
b Db A I A A A R K A @ K K T G R R Q I V

1921 GGCCTGGTGCTCTACAACCTTCCGGACCGCGACTGCAGCGCGGGCGAGAGCGCGGGCGAG
¢ L, v L, ¥ N L P D R D C S A G E S8 A G E

1981 CTCAGCAGCGACAAGAACGGGCTCGAGATCTACAAGACTGAGTTCGTCAAGCCCTTCGCC
L s § b K N G L E I Y K T E F VvV K P F A

2041 GACAAGGTGGCGGCCGCAAAGGACCTCGACTTCGCCATCGTCCTGGAGCCCGACTCGCTG
p K v . A A A K D L D P A I V L E P D S8 L

2101 GCCAACCTGGTCACCAACCTGGGCATCGAGTTCTGCGCCAACGCCGCCCCCGTCTACCGC
A N L VvV T™ N L G I E F C A N A A P V Y R

2161 GAGLGUCATCGUCTATGCCATCTCCAGCCTTCAGCAGCCAAACGTGCACTTGTACATCGAT
E ¢ I A Y A I § § L @ Q P N ¥V H L Y I D

2221 GCTGCCCACGGECGGCTGGECTCGGCTGGGACGACAACCTGCCGCTGGCCGCCAAGGAGTTT
A A H 6 GG W L G W D D N L P L A A K E F

2281 GCCGAGGTGGTCAAGCTTGCCGGCGAGGGCAAGAAGATCCGCGGCTTCGTCACCAACGTG
A kb V v K L A G E 6 K K I R G F VvV T N V

2341 TCCAACTACAACCCCTTCCACGCCGTCGTGCGCGAGAACTTTACCGAGTGGAGCAACTCG
S N ¥ N P F H A V V R E N F T E W S N S

2401 TGGCGCACGAGTCTCACTACGCCTCCTCGCTCACACCGTTCCTCGAGARAGAGGGGCTGCCG
w D E &§ H Y A & &S L. T P F L E K E G L P
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FIGURE 15 (CONT’D)
SEQ ID NOs: 15 and 16 eg7 encoding EG VI

2401

2521

2581

2641

2701

27761

2821
2881
2941
3001
3001
3121
3181
3241
3301
3301l
3421
3481
3541
3601
3661l
3721
3781

GCACGCTTCATCGTCGACCAGGGTCGCGTTGCCCTCCCGGGAGCCCGCAAGGAGTGgga
A R ¥ I Vv D @ & R V A L P G A R K E W

gtttcgaccagattgacccrtcgaccecatgcgaccgagattgetgacgattgaattgegtg

tceccgtcecececccagGGGTGAATGETGCAACGTGGCACCCGCCGGATTTGGCCCCGCGCCCA
G BE W C N V A P A G ¥ G P A P

CGACCAGGGTCAACAACACCGTCGTCGATGCTCTCGTCTGGGTCAAGCCTGGCGGCGAGA
T T R V N N T V ¥V D A L V W V K P G G &K

GCGACGGCGAGTGTGGCTTGGCTGGCGCCCCCAAGGCCGGCCAGTGGTTCGACGAGTACG
s D G6 £ C GG L A G A P K A G Q W F D EBE Y

CCCAGATGCTGGTCGAGAATGCCCACCCGTCTGTCGTCCACAAGTGGTAGataaattttyg
A Q M L V BE N A H P S V V H K W *

gagtccgagaagggtcccagatagacttitgttttaaaacaaaatgcaaggtgtcgacag
atactggcttaacattaaccaagcaccatgaacatgacttgtcaacatattgatacattc
cgctgctttcccatacgtgctctcaggtctcagggatcaaatggataggtcggtaatgca
dadacgatccattggatatccagaagagagaaaaaaaaaaggacatgcatgecttgtctgt
catcatgaggaaacaaaggaaaaacaaacgatcgtcgtgttccaacaagectttccaagac
cacaagacccatccaccaacacaaccaaacgacaagcaatacgatggaccgecgttgttc
catctctcaagagctgactaaacgaacagtcgttgaaatcatcctacatgagtacgccgc
accacctgttatcgtgtaaaccaaatcgecctgttaaagtgcatcatctectttaggtatgat
cgtaagttccggtcacggtcacggatcagggatggttctcaattcgtgtgtecgecgtagec
geccgccgtatctggacaagacttcttgtattgctccgaaaccgettttgececgeecctaata
atctgtagccttcttacctggtggtgeccttgaaagacgcggcaggcaacacttecgecaggt
ctgtggcgcaccagcaccaggctgtggtgatgccccggaaccggtcecgtecgacttgctcge
ggtgtcctcggctggtggggatgggggtgatgagggcttggagggtgttgttgegeccge
aacatccggctceceggectceccggaccgtececacagacattggacctgecgagcatgactegtge
cttcagccagaccaaagccatgeccatcatcecgectcectgeccgacgetgttgagegggagget
gatgttctcagccagaactgcgggctgtacggccatgaccatgggctgttecggtctggcce
gtcttgcggcggtttctecctgeccagettgttgtgegecggtgectgegagattcgacttc

US 8,916,363 B2
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FIGURE 15 (CONT’D)
SEQ ID NOs: 15 and 16 eg7 encoding EG VI

3841 gacctgggcgtggcagagggtgacgagggacgttgacgceccttgatctccttgecteccecceccat
3901 gtccttccaccecgtacaggecggacgggtgccatacgegtccacagectgcacgagaacct
3901 cagggcgtcgtcaatgagttctgtcaacttgctctccagectactctatgaoccgcgagecatc
4021 ctgatcctggagcagaaaccgtgccgagecctccgaggaaacgcteccttcagecttccgege
4081 gtagtttaggcgtgattcaacaaacgtccggcgggactcgttgttgecececgecagcagcgac

4141 gtccttgatgctgaageccgececgtecggcgaacaggcgecatcatctgggecec
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SEQID NOs: 17 and 18  xyl2 gene encoding Xyl II

ol
121
181
241
301
361
421
481
541
001
661
721
781
841
901
9c1l
1021

1081
36l

1141

381

1201

401

1261

421

1321

441]

1381

Cl xvyl110
1441

Y L. A L

cgcggcececegtetttgaacgecttgagaagegcacggtgaagaaccatcaactecgattece
gctcecctcatecteccacgaagecgattgaaatagceccacageggctatgtacggattactc
tgctcegtttgecacatccatacacagecgectatttttaaaagtticaggacggccaagecececg
gqttcttggaacggacgacceggattcoccgaaaqctccagecgectcaatgecggtcagtegtgg
cgctgatcctgcectgatctgectgatctcataaacccgcaacttcaacttttcactttgaag
cgtatacacgcagcgcecctcectttcaccggecgecattcatactcgcaaattaaccgectaatat
cctcgcacttggataatgtgtageccgacacggaggaggggaggattgggggggagttggggyg
gagacatgatggtctgcccaacggatattattattttgttgttttgtataattactgcgg
caacattctcaaaggggccgtgcecctcgcggcgggaaagcccatgacagagaattggacag
ctccaagctcecgcgatatactctaacaacggcecgtgactcggcaatgaaggectgececgetcg
agtgatagggcgaagtaaaacggacgttacatgcggcacttagccggctgatgeccggaga
atacgggattcaacgatacaatcacacgatgcgacacacctcggcgacttggcgctcectat
Jggaagaaggcrtgggttaaagctggcgtagatttigcgcgrctitggtttcttaaccgggtt
atttctatttctecatatgcecgcgagcgaatgcggggtgcagagecgeccgggagtcgatgyg
tcctatcagacaagagcecctggceccecceccecggaacctgggataatagaageccaaattaagecatg
ggagtatcgtccgggggtaggaaccgcacgggcaactagaggaggaagaatttggtrataa
agggaggacggcggaacaggcttgatggacatgaatcagaagacgacactgggcaactaa
acagclitgcagragagtbtigtgecttgcatbaggecctegalbtabcATGGTCTCGTTCACT
M v & F T
CTCCTCCTCACGGTCATUCGCCGLCTGUCGGTGACGACGGUCCAGCCCTCTCLEAGGTELETCAAG
L L L T v I A A A VvV T T A S P L E V V K

COCGGCATCCAGCCGGGCACGOLGGCACCCACGAGGGGTACTTCTACTCGTTCTGGACCGALC
R ¢ 1 O P ¢ T G T H E G Y F Y S F W T D
GGCCOTGGCTCGGETCGACTTCAACCCCGGGCCCCCCGLCTCGTACAGCGTCACUCTGGAAC
< R ¢ &S5 v b F N P G P R G &S Y &S V T W N
AACGTCAACAACTGGGTTGGCGGCAAGGGCTGGAACCCGGGCCCGCCGCGCAAGATTGLG
N V N N W V 6 G K GG W N P G P P R K I A
TACAACGGCACCTGGAACAACTACAACGTGAACAGCTgtgegttgtectectetttectee

Y N G T W N N Y N V N S§
Ctttcgecttgttttccttgatgattgggatccattttaaaagagaaggaaaaaaaaaacs
423 for

aaggaaaatagaagataactaacgccaagctctggcagACCTCLGCCCTGTACGEOTGGAC
Y G W T
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FIGURE 16 (CONT’D)

SEQ ID NOs: 17 and 18

1501
501
1561
521
1621
541
1681
561l

1741
581

1801
601

1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2041
2701
2761
2821
2881
2941

xy12 gene encoding Xyl II

TCGCAACCCGCTGGTCGAGTATTACATCGTGGAGGCATACGGCACGTACAACCCCTCGETC

R N P L vV E Y Y I V E A Y GG T ¥ N P & O
GGGCACGGCGCGGCTGGGCACCATCGAGGACGACGGCGGCGTGTACGACATCTACAAGAC
< T A R L ¢ T I E D D GG G VvV ¥ D I ¥ K T
GACGCGGTACAACCAGCCGTCCATCGAGGGGACCTCCACCTTCGACCAGTACTGGTCCGT
T R ¥ N Q P § I E G T s T F D © ¥ W S5 V
CCGCCGCCAGRAGCGCGTCGGCGGCACTATCGACACGGGCARGCACTTTGACGAGTGGARA
R R Q K R VvV ¢ 6 T I D T &G K H F D E W K
Cl Xyvl110 722 rev
GCGCCAGGGCAACCTCCAGCTCGGCACCTGGAACTACATGATCATGGCCACCGAGGGCTA
R Q & N L Q@ L ¢ T W N Y M I M A T E G ¥

CCAGAGCTCTGGTTCGGCCACTATCGAGGTCCGGGAGGCCTARagaagecaggegeettt

Q s § 6 s A T I E V R E A *
cttttgttttgcaggagggggtagagggggggggggagggaaaacgaaaagtagcagggt
ggttttatgccggcagecgtgggceccattcgagtgcaacctgtatctctectctecteccaag
tctccgggecteccttctcagagaacttcaatatgtctggggacaaaccaccttgtgaaata
caacggtaattatctaagtttgagtgccctatcgtatgcttctgaaaatttectgectect
tgatacaagtcggtttgagceccgagccaatgagactgtgtcecgattgatagaggeccecectgaag
gatcaagcgcgatgcaacaattaagcatgactacgtgecctagctgcagataaatggaagce
cactcaccaaggtcaaccccgecaltactggcacgtaagaaccticegtgtacaaggecccaa
ccgactcacatatctatctgcttgggttttgggatgcggttttttacccacaaaacaaat
ttgatacaatgctctgctgtgececcgggttgectgagaccaagecgtaatcagegggcaggyg
aatcgagtaggtcacgcectgttgecttggtctagaacaaactaatattaaaaagecttgtyg
ctcggcacacatacagaactcgacctgaggcatgttcttggaaggcggectageccagtcaa
gtctggcaccaggccttggtcticgicgaggataccgagggcgaggaggatgaggaagacc
tctttctcgectcagatetcttaggggacgaagaagacaacgeccggageccacacaataat
taggtctcatatcagacgtttcggcctggccgagctaatatgtctaattatgececcatcaqg
ccgtatgtcgaggcaggttgcaccgatacgctcecgecgecgeccgectcattcatcteccgact
gggcacaatgtcgccatctcggcecgtcaaggtggtgcaagatacctattatgcaagcaga
ggatcagatggcgggccgatacgagecggectgecteceggettgcgagaaagecgettegeag
caaggtatcgtggcaggccgccattttcggttgggtattctttgtecttgtttgecttcgta
attatgtcctggctggcattgtgggaaggggcgaacctcttgatttccgatgggggtcga

US 8,916,363 B2
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CELLULASE COMPOSITIONS FOR
ENZYMATIC HYDROLYSIS OF CELLULOSE

This application 1s a continuation U.S. patent application
Ser. No. 11/487,547, filed on Jul. 13, 2006 (now U.S. Pat. No.
7,883,872) which 1s a continuation-in-part of U.S. patent
application Ser. No. 10/394,568, filed Mar. 21, 2003 (now
U.S. Pat. No. 7,399,627), which 1s a continuation of U.S.
patent application Ser. No. 09/548,938 (now U.S. Pat. No.
6,573,086), filed Apr. 13, 2000, which 1s a continuation-in-
part of International Application No. PCT/NL99/00618, filed
Oct. 6, 1999, which 1s a continuation-in-part of International
Application No. PCT/EP98/06496, filed Oct. 6, 1998. U.S.
patent application Ser. No. 11/487,5477, filed on Jul. 13, 2006
(now U.S. Pat. No. 7,883,872) 1s also a continuation-in-part
application of U.S. patent application Ser. No. 09/284,152,
filed on Apr. 8, 1999 (now U.S. Pat. No. 7,892,812) which
claims priority under 35 U.S.C. §371 national stage filing
under International Application No. PCT/US97/17669, filed
on Sep. 30, 1997. U.S. patent application Ser. No. 09/284,
152, filed on Apr. 8, 1999 (now U.S. Pat. No. 7,892,812) 1s
also a continuation-in-part of Ser. No. 08/731,170 filed Oct.
10,1996 (now U.S. Pat. No. 5,811,381). All prior applications
to which priority 1s claimed are hereby incorporated by ref-
erence 1n their entirety.

FIELD OF THE INVENTION

This mvention relates to compositions and methods for
producing bioenergy or other value-added products from
lignocellulosic biomass or cellulosic materials. In particular,
the mvention provides enzyme compositions capable of con-
verting a variety of cellulosic substrates or lignocellulosic
biomass into a fermentable sugar. The invention also provides
methods for using such enzyme compositions.

INTRODUCTION

Bioconversion of renewable lignocellulosic biomass to a
termentable sugar that 1s subsequently fermented to produce
alcohol (e.g., ethanol) as an alternative to liquid fuels has
attracted an intensive attention of researchers since 1970s,
when the o1l crisis broke out because of decreasing the output
of petroleum by OPEC (Bungay H. R., “Energy: the biomass
options”. NY: Wiley; 1981; Olsson L, Hahn-Hagerdal B.
“Fermentation of lignocellulosic hydrolysates for ethanol
production”, Enzyme Microb Technol 1996; 18:312-31;
Zaldivar J, Nielsen J, Olsson L. “Fuel ethanol production
from lignocellulose: a challenge for metabolic engineering

and process tegration”, App! Microbiol Biotechnol 2001;
56:17-34; Galbe M, Zacchi G., “A review of the production of

cthanol from soitwood”, App! Microbiol Biotechnol 2002;
59:618-28). Ethanol has been widely used as a 10% blend to
gasoline 1n the USA or as a neat fuel for vehicles 1n Brazil in
the last two decades. The importance of fuel bioethanol waill
increase in parallel with skyrocketing prices for oil and
gradual depletion of 1ts sources. Additionally, fermentable
sugars are being used to produce plastics, polymers and other
biobased products and this industry 1s expected to grow sub-
stantially therefore increasing the demand for abundant low
cost fermentable sugars which can be used as a feed stock 1n
lieu of petroleum based feedstocks (e.g. see article ““The Rise
Of Industrial Biotech™ published 1n Forbes Jul. 24, 2006)
The major polysaccharides comprising different lignocel-
lulosic residues, which may be considered as a potential
renewable feedstock, are cellulose and hemicelluloses (xy-
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lans). The enzymatic hydrolysis of these polysaccharides to
soluble sugars, for example glucose, xylose, arabinose, galac-
tose, mannose, and other hexoses and pentoses occurs under
the action of different enzymes acting 1n concert. Endo-1.4-
B-glucanases (EG) and exo-cellobiohydrolases (CBH) cata-
lyze the hydrolysis of insoluble cellulose to cellooligosaccha-
rides (cellobiose as a main product), while [3-glucosidases
(BGL) convert the oligosaccharides to glucose. Xylanases
together with other accessory enzymes (non-limiting
examples of which include a-L-arabinofuranosidases, feru-
loyl and acetylxylan esterases, glucuronidases, and [3-xylosi-
dases) catalyze the hydrolysis of hemicelluloses.

Regardless of the type of cellulosic feedstock, the cost and
hydrolytic efficiency of enzymes are major factors that
restrict the commercialization of the biomass bioconversion
processes. The production costs of microbially produced
enzymes are tightly connected with a productivity of the
enzyme-producing strain and the final activity yield in the
fermentation broth. The hydrolytic efficiency of a multien-
zyme complex in the process of lignocellulose saccharifica-
tion depends both on properties of individual enzymes, the
synergies between them, and their ratio 1 the multienzyme
cocktail.

Chrysosporium lucknowense 1s a fungus that 1s known to
produce a wide variety of cellulases, hemicellulases, and
possibly other accessory enzymes. C. [ucknowense also
secrets at least five different endoglucanases, the EG 1I (31
kDa, Cel5A) being the most active. Moreover, C. luckno-
wense mutant strains (including UV18-25) have been devel-
oped to produce enzymes for textile, pulp and paper, deter-
gent and other applications, but not for the enzymatic
saccharification of cellulose; these strains can also be used for
a high-level production of homologous and heterologous pro-
teins. The best C. lucknowense mutant strains secrete at least
50-80 gl of extracellular protein in low viscosity fermenta-
tions. The full fungal genome of the C. lucknowense has been
sequenced 1n 2005 (see http://www.dyadic-group.com/wt/
dyad/pr__1115654417), and now the genome annotation is
being carried out.

The crude C. lucknowense multienzyme complex demon-
strates modest results in cellulose saccharification, with only
a fraction of the cellulose being converted to glucose under
the conditions tested. Two cellobiohydrolases of C. luckno-
wense, belonging to families 7 and 6 of glycoside hydrolases:
CBHIa(Cel7A)and CBHIIa (Cel6A), have been previously
1solated and studied. CBH Ia was previously referred to as
CBH I, 70(60) kD protein in U.S. Pat. No. 6,573,086. CBH Ia
exists 1 the culture broth as a full size enzyme (observed
molecular mass 65 kDa, SDS-PAGE data), consisting of a
core catalytic domain and cellulose-binding module (CBM)
connected by a flexible peptide linker, and 1ts truncated form
(52 kDa), representing the enzyme catalytic domain. CBH 1
(Cel7A) of C. lucknowense appears to be slightly less effec-
tive 1n hydrolysis of crystalline cellulose but more thermo-
stable than the CBH I of 1. reesei. CBH Ila was previously
thought to be an endoglucanase and has been referred to as 43
kD Endo and EG6. See, e.g., U.S. Pat. No. 6,573,086. CBH
IIa (43 kDa) has no CBM, 1.e. its molecule contains only the
catalytic domain.

In spite of the continued research of the last few decades to

understand enzymatic lignocellulosic biomass degradation
and cellulase production, 1t remains desirable to discover or to
engineer new highly active cellulases and hemicellulases. It
would also be highly desirable to construct highly efficient
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enzyme compositions capable of performing rapid and effi-
cient biodegradation of lignocellulosic materials.

SUMMARY OF THE INVENTION

This mvention provides several newly 1dentified and 1so-
lated enzymes from C. lucknowense. The new enzymes

include two new cellobiohydrolases (CBH Ib and IIb, or
Cel7B and Cel6B), an endoglucanase (EG VI), (not to be
confused with CBH Ila, which was previously referred to as
EG 6)a (-glucosidase (BGL), and a xylanase (Xyl II). The
CBH IIb has a high activity against Avicel and cotton and
displayed a pronounced synergism with other C. lucknowense
cellulases. Using these new enzymes, this invention provides
highly effective enzyme compositions for cellulose hydroly-
S1S.

One object of this mvention 1s to provide an enzyme for-
mulation that includes at least one 1solated cellobiohydrolase
obtained from C. lucknowense. The 1solated cellobiohydro-
lase may be either CBH Ib and IIb. The enzyme formulation
may optionally contain an endoglucanase and/or a 3-glucosi-
dase. Furthermore, the enzyme formulation may optionally
contain a hemicellulase.

Another object of this invention is to provide a method for
producing glucose from cellulose. The method includes pro-
ducing an enzyme formulation that contains at least one 1so-
lated cellobiohydrolase obtained from C. lucknowense,
which can be CBH Ib or IIb. Optionally, the enzyme formu-
lation may contain an endoglucanase and/or a 3-glucosidase.
The enzyme formulation 1s applied to cellulose to form glu-
cose.

Yet another aspect of this invention 1s to provide a method
of producing ethanol. The method includes providing an
enzyme formulation that contains at least one 1solated cello-
biohydrolase obtained from C. lucknowense, which can be
CBH Ib or IIb. The enzyme formulation optionally may con-
tain an endoglucanase and/or a [3-glucosidase. Furthermore,
the enzyme formulation may optionally contain a hemicellu-
lase. The method further includes applying the enzyme for-
mulation to cellulose to produce glucose and subsequently
fermenting the glucose to produce ethanol.

This invention also provides a method of producing energy
from ethanol. The method includes providing an enzyme
formulation that contains at least one 1solated cellobiohydro-
lase obtained from C. luckrnowense, which can be CBH Ib or
IIb. The enzyme formulation optionally may contain an endo-
glucanase and/or a p-glucosidase. Furthermore, the enzyme
formulation may optionally contain a hemicellulase. The
method further includes applying the enzyme formulation to
cellulose to produce glucose, fermenting the glucose to pro-
duce ethanol, and combusting said ethanol to produce energy.

Another aspect of this invention 1s to provide a mutant
Chrysosporium lucknowense strain capable of expressing at
least one cellobiohydrolase and at least one endo-1,4-3-glu-
canase at higher levels than the corresponding non-mutant
strain under the same conditions. The cellobiohydrolase 1s

selected from the group consisting of CBH Ia, CBH IIa, CBH
Ib, and CBH IIb; and the endo-1,4-f-glucanase 1s selected
from the group consisting of EG II, EG 'V, and EG V1.

Yet another aspect of this invention 1s to provide proteins
exhibiting at least 65% amino acid identity as determined by
the BLAST algorithm with the CBH Ib, CBH IIb, EG VI,
BGL, and Xyl II amino acid sequences of SEQ ID NOs. 2, 4,
16,12, and 18, respectively, or apart thereof having at least 20
contiguous amino acids. This mnvention also contemplates the
corresponding nucleic acid sequences that encode such a
protein.
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One aspect of this invention provides an enzyme formula-
tion comprising at least one enzyme selected from the group

consisting of CBH Ib, CBH Ilb, EG II, EG VI, BGL, and Xyl
II.

Another aspect of this invention provides a method of
producing fermentable sugars from lignocellulosic material.
The method comprises (a) providing an enzyme formulation
comprising at least one enzyme selected from the group con-
sisting of CBH Ib, CBH IIb, EG II, EG VI, BGL, and Xyl II;
and (b) applying the enzyme formulation to lignocellulosic
material to produce fermentable sugars.

The mvention also provides a method of producing a fer-
mentation product or a starting material for a fermentation
product from a fermentable sugar. This method comprises
comprises (a) providing an enzyme formulation, wherein the
enzyme formulation contains at least one enzyme selected
from the group consisting of CBH Ib, CBH 11b, EG 11, EG V1,
BGL, and Xyl II; (b) applying the enzyme formulation to
lignocellulosic material to produce a fermentable sugar; and
(c) fermenting said fermentable sugar to produce a fermen-
tation product.

In another aspect, the invention provides a method of pro-
ducing energy from a fermentable sugar. The method com-
prises (a) providing an enzyme formulation, wherein the
enzyme formulation comprises at least one enzyme selected
from the group consisting of CBH Ib, CBH 11b, EG 11, EG VI,
BGL, and Xyl II; (b) applying the enzyme formulation to
lignocellulosic material to produce a fermentable sugar; (c)
fermenting the fermentable sugar to produce a combustible
fermentation product; and (d) combusting said combustible
fermentation product to produce energy.

One object of the mvention 1s provide a mutant Chrysos-
porium lucknowense strain capable of expressing at least one
cellobiohydrolase and at least one endo-1,4-p-glucanase at
higher levels than the corresponding non-mutant strain under
the same conditions. The cellobiohydrolase 1s selected from
the group consisting of CBH Ia, CBH Ib, CBH Ila and CBH
IIb; and the endo-1,4-3-glucanase 1s selected from the group
consisting of EG II, EG 'V, and EG V1.

The vention alse provides a protein exhibiting at least
65% amino acid 1dentity as determined by the BLAST algo-
rithm with the CBH Ib, IIb, EG VI, BGL, Xyl II amino acid
sequences as defined herein or a part thereof having atleast 20
contiguous amino acids.

Another aspect of this invention provides a nucleic acid

sequence having at least 80% homology with the nucleic acid
sequence encoding CBH Ib, CBH IIb, EG 11, EG VI, BGL, or

Xyl I1, as defined herein.

The mvention also provides a method for degrading a
lignocellulosic material to fermentable sugars. The method
includes contacting the lignocellulosic material with an etfec-
tive amount of a multi-enzyme product dertved from a micro-
organism, to produce at least one fermentable sugar. At least
one enzyme 1n the multi-enzyme product is selected from the

group consisting of CBH Ia, CBH Ib, CBH Ila, CBH IIb, EG
II, EGV, EG VI, BGL, and Xyl II.
In another aspect, the invention provides a microorganism

or plant capable of expressing one or more of an enzyme
selected from the group consisting of CBH Ia, CBH Ib, CBH

IIa, CBH IIb, EG II, EG V, EG VI, BGL, and Xyl II.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: SDS/PAGE (A) and 1soelectrofocusing (B) of puri-

fied cellobiohydrolases from C. lucknowense. Lanes: 1,
markers with different molecular masses; 2 and 5, CBH Ib; 3

and 6, CBH IIb; 4, markers with different pl.
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FIG. 2: Progress kinetics of Avicel (5 mg ml™) hydrolysis
by purified cellobiohydrolases (0.1 mg ml™') in the presence

of purified 4. japonicus BGL (0.5 U ml™), 40° C., pH 5.0.

FIG. 3: Synergism between CBH I1b and other C. luckno-
wense puriiied enzymes during hydrolysis of cotton cellulose
(5mgml™") in the presence of purified A. japonicus BGL (0.5
Uml™), 40° C., pH 5.0. The CBH and EG concentration was
0.15 and 0.05 mg ml™", respectively. Experimental data for
the pairs of enzymes are shown with open symbols (continu-
ous curves); the theoretical sums of glucose concentrations
obtained under the action of individual enzymes are shown
with filled symbols (dotted lines).

FIG. 4: Progress kinetics of cotton (25 mg ml™") hydrolysis
by combination #1 of purified C. lucknowense enzymes and
NCE L-600, a commercial C. lucknowense multienzyme cel-
lulase preparation at protein loading of 0.5 mg ml™", 50° C.,
pH 5.0 (see text and Table 4 for details).

FIG. 5: Progress kinetics of Avicel (50 mg m1™") hydrolysis
by combination #1 of purified C. lucknowense enzymes and
NCE-L, acommercial C. lucknowense multienzyme cellulase
preparation at protein loading of 0.5 mg ml~, 50° C., pH 5.0
(see text and Table 4 for details).

FIG. 6: Progress kinetics of hydrolysis of pretreated Dou-
glas fir wood (50 mg ml™") by combination #1 of purified C.
lucknowense enzymes and NCE-L 600, a commercial C. luc-
knowense at protein loading of 0.5 mg ml™', 50° C., pH 5.0
(see text and Table 4 for details).

FIG. 7: Progress kinetics of hydrolysis of pretreated Dou-
glas fir wood (50 mg ml™") by different combinations of

purified C. lucknowense enzymes at protein loading o1 0.5 mg,
ml~*, 50° C., pH 5.0 (see text and Table 5 for details).

FIG. 8: cbh2 gene encoding CBH IB.
FI1G. 9: cbh4 gene encoding CBH IIb
FIG. 10: cbhl gene encoding CBH Ia
FIG. 11: EG6 gene encoding CBH Ila
FI1G. 12: eg2 gene encoding EG 11
FIG. 13: bgll gene encoding BGL
FI1G. 14; eg5 gene encoding EGV
FIG. 15: eg’/ gene encoding EGVI
FIG. 16: xyl2 gene encoding Xyl 11

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides methods and compositions
for the conversion of plant biomass to fermentable sugars that
can be converted to useful products. The methods 1nclude
methods for degrading lignocellulosic material using enzyme
mixtures to liberate sugars. The compositions of the invention
include enzyme combinations that break down lignocellu-
lose. As used herein the terms “biomass™ or lignocellulosic
material” includes materials containing cellulose and/or
hemicellulose. Generally, these materials also contain xylan,
lignin, protein, and carbohydrates, such as starch and sugar.
Lignocellulose 1s generally found, for example, in the stems,
leaves, hulls, husks, and cobs of plants or leaves, branches,
and wood of trees. The process ol converting a complex
carbohydrate (such as starch, cellulose, or hemicellulose) into
termentable sugars 1s also referred to herein as “saccharifica-
tion.” Fermentable sugars, as used herein, refers to simple
sugars, such as glucose, xylose, arabinose, galactose, man-
nose, rhamnose, sucrose and fructose.

Biomass can include virgin biomass and/or non-virgin bio-
mass such as agricultural biomass, commercial organics, con-
struction and demolition debris, municipal solid waste, waste
paper and yard waste. Common forms of biomass include
trees, shrubs and grasses, wheat, wheat straw, sugar cane
bagasse, corn, corn husks, corn kernel including fiber from
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kernels, products and by-products from milling of grains such
as corn, wheat and barley (including wet milling and dry
milling) as well as municipal solid waste, waste paper and
yard waste. The biomass can also be, but 1s not limited to,
herbaceous maternal, agricultural residues, forestry residues,
municipal solid wastes, waste paper, and pulp and paper mill
residues. “Agricultural biomass” includes branches, bushes,
canes, corn and corn husks, energy crops, forests, fruits, flow-
ers, grains, grasses, herbaceous crops, leaves, bark, needles,
logs, roots, saplings, short rotation woody crops, shrubs,
switch grasses, trees, vegetables, fruit peels, vines, sugar beet
pulp, wheat midlings, oat hulls, and hard and soft woods (not
including woods with deleterious materials). In addition,
agricultural biomass includes organic waste materials gener-
ated from agricultural processes including farming and for-
estry activities, specifically including forestry wood waste.
Agricultural biomass may be any of the aforestated singularly
or 1n any combination or mixture thereof.

The fermentable sugars can be converted to useful value-
added fermentation products, non-limiting examples of
which include amino acids, vitamins, pharmaceuticals, ani-
mal feed supplements, specialty chemicals, chemical feed-
stocks, plastics, solvents, fuels, or other organic polymers,
lactic acid, and ethanol, including fuel ethanol. Specific
value-added products that may be produced by the methods of
the imnvention include, but not limited to, biofuels (including
cthanol and butanol); lactic acid; plastics; specialty chemi-
cals; organic acids, including citric acid, succinic acid and
maleic acid; solvents; animal feed supplements; pharmaceu-
ticals; vitamins; amino acids, such as lysine, methionine,
tryptophan, threonine, and aspartic acid; industrial enzymes,
such as proteases, cellulases, amylases, glucanases, lactases,
lipases, lyases, oxidoreductases, transferases and xylanases;
and chemical feedstocks.

As used herein, a multi-enzyme product can be obtained
from or derived from a microbial, plant, or other source or
combination thereof, and will contain enzymes capable of
degrading lignocellulosic material. Examples of enzymes
comprising the multi-enzyme products of the invention
include cellulases (such as cellobiohydrolases, endogluca-
nase, [-glucosidases, hemicellulases (such as xylanases,
including endoxylanases, exoxylanase, and p-xylosidase),
ligninases, amylases, c«-arabinofuranosidases, a-glucu-
ronidases, o-glucuronidases, arabinases, glucuromdases,
proteases, esterases (including ferulic acid esterase and
acetylxylan esterase), lipases, glucomannanases, and xylo-
gluconases.

In some embodiments, the multi-enzyme product com-
prises a hemicellulase. Hemicellulose 1s a complex polymer,
and its composition often varies widely from orgamism to
organism, and from one tissue type to another. In general, a
main component of hemicellulose1s beta-1,4-linked xylose, a
five carbon sugar. However, this xylose 1s often branched as
beta-1,3 linkages, and can be substituted with linkages to
arabinose, galactose, mannose, glucuronic acid, or by esteri-
fication to acetic acid. Hemicellulose can also contain glucan,
which 1s a general term for beta-linked six carbon sugars.
Those hemicelluloses include xyloglucan, glucomannan, and
galactomannan.

The composition, nature of substitution, and degree of
branching of hemicellulose 1s very different in dicotyledon-
ous plants (dicots, 1.e., plant whose seeds have two cotyledons
or seed leaves such as lima beans, peanuts, almonds, peas,
kidney beans) as compared to monocotyledonous plants
(monocots; 1.e., plants having a single cotyledon or seed leat
such as corn, wheat, rice, grasses, barley). In dicots, hemicel-
lulose 1s comprised mainly of xyloglucans that are 1,4-beta-
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linked glucose chains with 1,6-beta-linked xylosyl side
chains. In monocots, including most grain crops, the principal
components of hemicellulose are heteroxylans. These are
primarily comprised of 1,4-beta-linked xylose backbone
polymers with 1,3-beta linkages to arabinose, galactose and
mannose as well as xylose modified by ester-linked acetic
acids. Also present are branched beta glucans comprised of
1,3- and 1,4-beta-linked glucosyl chains. In monocots, cellu-
lose, heteroxylans and beta glucans are present 1n roughly
equal amounts, each comprising about 15-25% of the dry
matter of cell walls.

Hemicellulolytic enzymes, 1.e. hemicellulases, include
includes both exohydrolytic and endohydrolytic enzymes,
such as xylanase, 3-xylosidase and esterases, which actively
cleave hemicellulosic material through hydrolysis. These
xylanase and esterase enzymes cleave the xylan and acetyl
side chains of xylan and the remaining xylo-oligomers are
unsubstituted and can thus be hydrolysed with Pxylosidase
only. In addition, several less known side activities have been
found 1n enzyme preparations which hydrolyse hemicellu-
lose. While the multi-enzyme product may contain many
types of enzymes, mixtures comprising enzymes that
increase or enhance sugar release from biomass are preferred,
including hemicellulases. In one embodiment, the hemicul-
lulase 1s a xylanase, an arabinofuranosidase, an acetyl xylan
esterase, a glucuronidase, an endo-galactanase, a mannanase,
an endo arabinase, an exo arabinase, an exo-galactanase, a
ferulic acid esterase, a galactomannanase, a xylogluconase,
or mixtures of any of these. In particular, the enzymes can
include glucoamylase, p-xylosidase and/or p-glucosidase.
The enzymes of the multi-enzyme product can be provided by
a variety of sources. In one embodiment, the enzymes can be
produced by growing microorganisms or plants which pro-
duce the enzymes naturally or by virtue of being genetically
modified to express the enzyme or enzymes. In another
embodiment, at least one enzyme of the multi-enzyme prod-
uct 1s commercially available.

One embodiment of the present mvention relates to an
1solated enzyme for catalyzing the conversion of lignocellu-
losic maternial to fermentable sugars as described herein, a
homologue thereot, and/or a fragment thereof. Also included
in the invention are 1solated nucleic acid molecules encoding
any of such proteins, homologues or fragments thereof.
According to the present ivention, an 1solated protein or
polypeptide 1s a protein that has been removed from 1ts natu-
ral milieu (1.e., that has been subject to human manipulation)
and can include purified proteins, partially purified proteins,
recombinantly produced proteins, and synthetically produced
proteins, for example. As such, “isolated” does not reflect the
extent to which the protein has been purified. Preferably, an
1solated protein of the present invention 1s produced recom-
binantly. An 1solated peptide can be produced synthetically
(e.g., chemically, such as by peptide synthesis) or recombi-
nantly. An 1solated protein can also be provided as a crude
fermentation product, or a protein preparation that has been
partially purified or purified (e.g., from a microorganism)
using protein purification procedures known in the art. In
addition, and solely by way of example, a protein referenced
as being derived from or from a particular organism, such as
a “Chrysosporium lucknowense cellulase and/or hemicellu-
lase” refers to a cellulase and/or hemicellulase (generally
including a homologue of a naturally occurring cellulose
and/or hemicellulase) from a Chrysosporium lucknowense
microorganism, or to a cellulase and/or hemicellulase that has
been otherwise produced from the knowledge of the structure
(e.g., sequence), and perhaps the function, of a naturally
occurring cellulase and/or hemicellulase from Chrysospo-
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rium lucknowense. In other words, general reference to a
Chrysosporium lucknowense cellulase and/or hemicellulase
or a cellulase and/or hemicellulase derived from Chrysospo-
rium lucknowense 1includes any cellulase and/or hemicellu-
lase that has substantially similar structure and function of a
naturally occurring cellulase and/or hemicellulase from
Chrysosporium lucknowense or that 1s a biologically active
(1.., has biological activity) homologue of a naturally occur-
ring cellulase and/or hemicellulase from Chrysosporium luc-
knowense as described in detail herein. As such, a Chrysos-
porium lucknowense cellulase and/or hemicellulase can
include purified, partially purified, recombinant, mutated/
modified and synthetic proteins. The same description applies
to reference to other proteins or peptides described herein and
to other microbial sources for such proteins or peptides.
One embodiment of the present invention relates to 1s0-
lated nucleic acid molecules comprising, consisting essen-
tially of, or consisting of nucleic acid sequences that encode
any of the enzymes described herein, including a homologue
or fragment of any of such enzymes, as well as nucleic acid
sequences that are fully complementary thereto. In accor-
dance with the present invention, an 1solated nucleic acid
molecule 1s a nucleic acid molecule that has been removed
from its natural milieu (1.e., that has been subject to human
mampulation), its natural milieu being the genome or chro-
mosome 1n which the nucleic acid molecule 1s found in
nature. As such, “isolated” does not necessarily reflect the
extent to which the nucleic acid molecule has been punified,
but indicates that the molecule does not include an entire
genome or an entire chromosome 1n which the nucleic acid
molecule 1s found 1n nature. An 1solated nucleic acid mol-
ecule can include a gene. An 1solated nucleic acid molecule
that includes a gene 1s not a fragment of a chromosome that
includes such gene, but rather includes the coding region and
regulatory regions associated with the gene, but no additional
genes that are naturally found on the same chromosome. An
1solated nucleic acid molecule can also include a specified
nucleic acid sequence flanked by (i.e., at the 3" and/or the 3'
end of the sequence) additional nucleic acids that do not
normally flank the specified nucleic acid sequence 1n nature

(1.e., heterologous sequences). Isolated nucleic acid molecule
caninclude DNA, RNA (e.g., mRNA), or derivatives of either

DNA or RNA (e.g., cDNA). Preferably, an 1solated nucleic
acid molecule of the present invention 1s produced using
recombinant DNA technology (e.g., polymerase chain reac-
tion (PCR) amplification, cloming) or chemical synthesis. A
nucleic acid molecule homologue can be produced using a
number of methods known to those skilled in the art (see, for
example, Sambrook et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Labs Press (1989)). For
example, nucleic acid molecules can be modified using a
variety ol techniques including, but not limited to, classic
mutagenesis techniques and recombinant DNA techniques,
such as site-directed mutagenesis, chemical treatment of a
nucleic acid molecule to induce mutations, restriction
enzyme cleavage of a nucleic acid fragment, ligation of
nucleic acid fragments, PCR amplification and/or mutagen-
es1s of selected regions of a nucleic acid sequence, synthesis
of oligonucleotide mixtures and ligation of mixture groups to
“build” a mixture of nucleic acid molecules and combinations
thereof. Nucleic acid molecule homologues can be selected
from a mixture of modified nucleic acids by screeming for the
function of the protein encoded by the nucleic acid and/or by
hybridization with a wild-type gene.

Another embodiment of the present invention includes a
recombinant nucleic acid molecule comprising a recombi-
nant vector and a nucleic acid sequence encoding protein or
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peptide having at least one enzymatic activity usetul for cata-
lyzing the conversion of lignocellulosic material to ferment-
able sugars. According to the present invention, a recombi-
nant vector 1s an engineered (i.e., artificially produced)
nucleic acid molecule that 1s used as a tool for manipulating a
nucleic acid sequence of choice and for mtroducing such a
nucleic acid sequence 1nto a host cell. The recombinant vector
1s therefore suitable for use in cloning, sequencing, and/or
otherwise manipulating the nucleic acid sequence of choice,
such as by expressing and/or delivering the nucleic acid
sequence of choice into a host cell to form a recombinant cell.
Such a vector typically contains heterologous nucleic acid
sequences, that1s nucleic acid sequences that are not naturally
found adjacent to nucleic acid sequence to be cloned or deliv-
ered, although the vector can also contain regulatory nucleic
acid sequences (e.g., promoters, untranslated regions) which
are naturally found adjacent to nucleic acid molecules of the
present invention or which are usetful for expression of the
nucleic acid molecules of the present invention (discussed in
detail below). The vector can be either RNA or DNA, either
prokaryotic or eukaryotic, and typically 1s a plasmid. The
vector can be maintained as an extrachromosomal element
(e.g., a plasmid) or 1t can be integrated into the chromosome
of a recombinant organism (e.g., a microbe or a plant). The
entire vector can remain 1n place within a host cell, or under
certain conditions, the plasmid DNA can be deleted, leaving
behind the nucleic acid molecule of the present invention. The
integrated nucleic acid molecule can be under chromosomal
promoter control, under native or plasmid promoter control,
or under a combination of several promoter controls. Single
or multiple copies of the nucleic acid molecule can be 1nte-
grated into the chromosome. A recombinant vector of the
present invention can contain at least one selectable marker.

Typically, a recombinant nucleic acid molecule includes at
least one nucleic acid molecule of the present invention
operatively linked to one or more expression control
sequences. According to the present mvention, the phrase
“operatively linked” refers to linking a nucleic acid molecule
to an expression control sequence (e.g., a transcription con-
trol sequence and/or a translation control sequence) in a man-
ner such that the molecule can be expressed when transiected
(1.e., transformed, transduced, transfected, conjugated or con-
duced) mto a host cell. Transcription control sequences are
sequences that control the initiation, elongation, or termina-
tion of transcription. Particularly important transcription con-
trol sequences are those that control transcription nitiation,
such as promoter, enhancer, operator and repressor
sequences.

Suitable transcription control sequences include any tran-
scription control sequence that can function 1n a host cell or
organism into which the recombinant nucleic acid molecule 1s
to be introduced.

Enzymes and Nucleic Acids Encoding the Enzymes
As described 1n the examples, this invention provides sev-

eral purified enzymes, including two cellobiohydrolases,
(CBH Ib, SEQ ID NO. 2; CBH IIb, SEQ ID NO. 4), an

endoglucanase (EG VI, SEQ ID NO. 16), a p-glucosidase
(BGL, SEQ ID NO. 12), and a xylanase (Xyl II, SEQ ID NO.
18). This invention also contemplates variants of such
enzymes, mncluding variants having amino acid sequence
with at least 65%, 70%, or 75% amino acid identity with these
enzymes, as determined by the conventionally used BLAST
algorithm.

Additionally, the invention provides the nucleic acids that

encode these sequences, including gene cbh2 (SEQ ID NO. 1,
encoding CBH Ib), gene cbh4 (SEQ ID NO. 3, encoding CBH

IIb); gene eg?7 (SEQ ID NO. 15, encoding EG V1), gene bgll
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(SEQ ID NO. 11, encoding BGL), and gene xy12 (SEQ ID
NO. 17, encoding Xyl II). This invention also contemplates
variants of these nucleic acids, including variants that have at
least 80%, 85% or 90% homology with these nucleic acids.

As described herein, the newly identified and 1solated
enzymes according to the invention can be used 1n conjunc-
tion with at least one other enzyme that promotes saccharifi-
cation of cellulosic materials. In preferred embodiments, this
additional enzyme 1s derved from C. lucknowense. For
example, the enzyme may be CBH Ia (SEQ ID NO. 6), CBH
[Ia (SEQ ID NO. 8), EG II (SEQ ID NO. 10) or EGV (SEQ
ID NO. 14). Note however, that 1n certain preferred embodi-
ments, CBH Ia, CBH IIa EG II, and EGV may be obtained by
genetically modilying a microorganism or plant to express
cbhl (SEQ ID NO. 3, encoding CBH Ia), EG6 (SEQ ID NO.
7, encoding CBH Ila), eg2 (SEQ ID NO. 9, encoding EG 1II),
and/or EG5 (SEQ ID NO. 13, encoding EG V). One particu-
larly useful combination for saccharification 1s CBH Ia, CBH
Ib, CBH IIb, EG II, EG V, BGL, and Xyl II.

In certain embodiments, the polynucleotides and polypep-
tides of the invention are evolved using molecular evolution
techniques to create and to identify novel variants with
desired structural, functional, and/or physical characteristics.
Molecular evolution techniques can be “DNA Shuitling”, or
“sexual PCR” (WPC, Stemmer, PNAS, 91:10747, (1994)),
also referred to as “directed molecular evolution”, “exon-
shuffling”, “directed enzyme evolution”, “in vitro evolution”
and “artificial evolution™. Such reference terms are known 1n
the art and are encompassed by the invention. Characteristics
such as activity, the protein’s enzyme kinetics, the protein’s
K.K._.K .V K, thermostability, pH optimum, and the
like can be modified. In certain embodiments, the polynucle-
otides and/or polypeptides of the invention may be evolved to
conier properties that are advantageous for 1n situ enzymatic
saccharification and fermentation. For example, enzymes
may be evolved to perform optimally mm an environment
which 1s suitable for fermentation of sugars. In one example,
the enzymes are evolved to have maximum activity 1n an
environment with elevated temperature and high ambient
alcohol content, such as an environment where an organism
such as yeast 1s fermenting sugars. In this way, saccharifica-
tion of lignocellulose and fermentation occurs 1n a single
process step. In another example, the enzymes are evolved to
resist harsh chemical or thermal environments, such as those
that may be experienced during lignocellulosic pretreat-
ments, as described herein. In these embodiments, 1t 1s not
necessary to chemically or thermally pretreat the lignocellu-
lose prior to adding enzymes. Rather, the treatment and enzy-
matic saccharification can be performed simultaneously. Of
course, this mvention also contemplates processes mvolving
multiple steps to produce sugars from lignocellulose, such as
those where evolved enzymes first saccharity lignocellulose,
which 1s subsequently fermented by an orgamism, such as
yeast, for example.

In other embodiments, the ability to enhance specific char-
acteristics of a protein may also be applicable to changing the
characterized activity of an enzyme to an activity completely
unrelated to 1ts initially characterized activity. Other desirable
enhancements of the invention would be specific to each
individual protein, and would thus be well known in the art
and contemplated by the invention.

Expression of Enzymes

The microorganisms useful 1n the present invention and/or
as a source of enzymes useful in the present invention include
any microorganism producing an enzyme capable of degrad-
ing lignocellulosic material, including bacternia, yeast, and

filamentous fungi. For simplicity and convenience, filamen-
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tous fungal microorganmisms will be discussed herein; how-
ever, one skilled in the art will recognize that other microor-
ganisms will be usetul in the present invention. Filamentous
fungi have been widely used 1n 1industry for the production of
proteins. These fungi are uniquely adapted for the production
and secretion of proteins owing to their biological niche as
microbial scavengers. In environments rich i biological
polymers, such as forest floors, the fungi compete by secret-
ing enzymes that degrade those polymers, producing mono-
mers that can be readily utilized as nutrients for growth. The
natural ability of fungi to produce proteins has been widely
exploited, mainly for the production of industrial enzymes.
Levels of protein production in natural isolates can be
increased in 1mproved strains by orders-of-magnitude; pro-
duction yields of tens of grams of protein per liter of fermen-
tation culture are commonplace.

Fungal strains, including, but not limited to, various spe-
cies of Talaromyces, Aspergillus, Trichoderma, Neurospora,
Penicillium, Fusarium, Humicola, Myceliophthora, Cory-
nascus, Chaetomium, Tolypocladium, Thielavia, Acremo-
nium, Sporotrichum, Thermoascus, and Chrysosporium, are
contemplated in the present invention. These are a few of
many possible genera of fungi that will be useful sources of
enzymes and/or would be suitable as host organisms for pro-
ducing such enzymes mixtures. Such fungi can be obtained,
for istance from various depositories such as the American
Type Culture Collection (ATCC), the All Russian Collection
of Microorganisms of the Russian Academy of Sciences
(VKM), and Centraalbureau voor Schimmelcultures.
Mutant Strains of C. lucknowense

Particular strains of Chrysosporium express proteins in
extremely large amounts and natural expression regulating
sequences from these strains are of particular interest. These
strains have been designated as Chrysosporium strain C1,

strain UV 13-6, strain NG7C-19 and strain UV18-25. They

have been deposited 1n accordance with the Budapest Treaty
with the All Russian Collection (VKM) depository institute in
Moscow. The wild type C1 strain was deposited i accor-
dance with the Budapest Treaty with the number VKM
F-3500 D, deposit date Aug. 29, 1996, C1 UV13-6 mutant

was deposited with number VKM F-3632 D, and deposit date
Feb. 9, 1998, C1 NG7c¢c-19 mutant was deposited with number
VKM F-3633 D and deposit date Feb. 9, 1998 and C1 UV 18-
25 mutant was deposited with number VKM F-3631 D and
deposit date Feb. 9, 1998,

Preferably an expression-regulating region enabling high
expression 1n the selected host 1s applied. This can also be a
high expression-regulating region derived from a heterolo-
gous host, such as are well known in the art. Specific
examples of proteins known to be expressed 1n large quanti-
ties and thus providing suitable expression regulating
sequences for the invention are without being limited thereto
hydrophobin, protease, amylase, xylanase, pectinase,
esterase, beta-galactosidase, cellulase (e.g. endo-glucanase,
cellobiohydrolase) and polygalacturonase. The high produc-
tion has been ascertained in both solid state and submerged
fermentation conditions. Assays for assessing the presence or
production of such proteins are well known 1n the art.

Heterologous expression-regulating sequences also work
cificiently 1 Chrysosporium as native Chrysosporium
sequences. This allows well known constructs and vectors to
be used 1n transformation of Chrysosporium as well as ofler-
ing numerous other possibilities for constructing vectors
enabling good rates of expression in this novel expression and
secretion host. As extremely high expression rates for cellu-
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lase have been ascertained for Chrysosporium strains, the
expressionregulating regions of such proteins are particularly
preferred.

A nucleic acid construct comprising a nucleic acid expres-
sion regulatory region from Chrysosporium lucknowense or a
derivative thereol forms a separate embodiment of the inven-
tion as does the mutant Chrysosporium strain comprising
such regions operably linked to a gene encoding a polypep-
tide to be expressed. In preferred embodiments, such a
nucleic acid construct will be an expression regulatory region
trom Chrysosporium associated with cellobiohydrolase,
endoglucanase, [3-glucosidase, and/or xylanase expression.

The mvention also covers genetically engineered Chrysos-
porium strains wherein the sequence that 1s introduced can be
of Chrysosporium origin. Such a strain can, however, be
distinguished from natively occurring strains by virtue of for
example heterologous sequences being present 1n the nucleic
acid sequence used to transform or transfect the Chrysospo-
rium, by virtue of the fact that multiple copies of the sequence
encoding the polypeptide ol interest are present or by virtue of
the fact that these are expressed in an amount exceeding that
ol the non-engineered strain under 1dentical conditions or by
virtue of the fact that expression occurs under normally non-
expressing conditions. The latter can be the case 11 an induc-
ible promoter regulates the sequence of interest contrary to
the non-recombinant situation or 1f another factor induces the
expression than 1s the case 1n the non-engineered strain. The
invention as defined in the preceding embodiments 1s not
intended to cover naturally occurring Chrysosporium strains.
The mvention 1s directed at strains derived through engineer-
ing either using classical genetic technologies or genetic
engineering methodologies.

A method of production of a recombinant microorganism
or plant 1s also part of the subject invention. The method
comprises stably mtroducing a nucleic acid sequence encod-
ing a heterologous or homologous polypeptide into a micro-
bial strain or plant, the nucleic acid sequence being operably
linked to an expression regulating region. Such procedures
are for transforming filamentous fungi have been previous
reported. In one preferred embodiment, the mutant Chrysos-
porium lucknowense 1s dertved from UV18-25 (Acc. No.
VKM F-3631 D) that has been engineered to overexpress the
Xyl II gene.

Genetically Modified Organisms

As used herein, a genetically modified microorganism can
include a genetically modified bactertum, yeast, fungus, or
other microbe. Such a genetically modified microorganism
has a genome which 1s modified (i.e., mutated or changed)
from 1ts normal (1.e., wild-type or naturally occurring) form
such that a desired result1s achieved (e.g., increased or modi-
fied activity and/or production of a least one enzyme or a
multi-enzyme product for conversion of lignocellulosic
material to fermentable sugars). Genetic modification of a
microorganism can be accomplished by using classical strain
development and/or molecular genetic techniques. Such tech-
niques known 1n the art and are generally disclosed for micro-
organisms, for example, 1n Sambrook et al., 1989, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Labs
Press. The reference Sambrook et al., 1bid., 1s incorporated by
reference herein 1n 1ts entirety. A genetically modified micro-
organism can include a microorganism in which nucleic acid
molecules have been inserted, deleted or modified (.e.,
mutated; e.g., by insertion, deletion, substitution, and/or
inversion of nucleotides), 1n such a manner that such modifi-
cations provide the desired effect within the microorganism.

In one aspect of the invention, a genetically modified
microorganism can endogenously contain and express an
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enzyme or a multi-enzyme product for the conversion of
lignocellulosic material to fermentable sugars, and the
genetic modification can be a genetic modification of one or
more of such endogenous enzymes, whereby the modifica-
tion has some eflect on the ability of the microorganism to
convert lignocellulosic material to fermentable sugars.

In another aspect of the invention, a genetically modified
microorganism can endogenously contain and express an
enzyme or a multi-enzyme product for the conversion of
lignocellulosic maternial to fermentable sugars, and the
genetic modification can be an introduction of at least one
exogenous nucleic acid sequence (e.g., a recombinant nucleic
acid molecule), wherein the exogenous nucleic acid sequence
encodes at least one additional enzyme usetul for the conver-
s1on of lignocellulosic maternal to fermentable sugars and/or
a protein that improves the efficiency of the enzyme or multi-
enzyme product for the conversion of lignocellulosic material
to fermentable sugars. In this aspect of the ivention, the
microorganism can also have at least one modification to a
gene or genes comprising its endogenous enzyme(s) for the
conversion of lignocellulosic material to fermentable sugars.

In yet another aspect of the invention, the genetically modi-
fied microorganism does not necessarily endogenously (natu-
rally) contain an enzyme or a multi-enzyme product for the
conversion of lignocellulosic material to fermentable sugars,
but 1s genetically modified to introduce at least one recombi-
nant nucleic acid molecule encoding at least one enzyme, a
multiplicity of enzymes, or a multi-enzyme product for the
conversion of lignocellulosic material to fermentable sugars.
Such a microorganism can be used in a method of the inven-
tion, or as a production microorganism for crude fermentation
products, partially purified recombinant enzymes, and/or

purified recombinant enzymes, any of which can then be used
in a method of the present invention.
Genetically Modified Plants

The 1invention also contemplates genetically modified
plants comprising such genes. The plants may be used for
production of the enzymes, or as the lignocellulosic material
used as a substrate 1n the methods of the invention. Methods
to generate recombinant plants are known in the art. For
instance, numerous methods for plant transformation have
been developed, including biological and physical transior-
mation protocols. See, for example, Miki et al., “Procedures
for Introducing Foreign DNA 1nto Plants™ in Methods 1n Plant
Molecular Biology and Biotechnology, Glick, B. R. and
Thompson, J. E. Eds. (CRC Press, Inc., Boca Raton, 1993)
pp. 67-88. In addition, vectors and 1n vitro culture methods
for plant cell or tissue transformation and regeneration of
plants are available. See, for example, Gruber et al., “Vectors

for Plant Transtormation” in Methods 1in Plant Molecular
Biology and Biotechnology, Glick, B. R. and Thompson, J. E.

Eds. (CRC Press, Inc., Boca Raton, 1993) pp. 89-119.

In certain embodiments of the invention, genetically modi-
fied plants that express the enzymes of this imvention are
obtained by introducing an expression vector into plants
based on the natural transformation system of Agrobacte-
rium. See, for example, Horsch et al., Science, 227:1229
(1983). A. tumefaciens and A. rhizogenes are plant pathogenic
so1l bacteria which genetically transform plant cells. The T1
and Ri plasmids of 4. tumefaciens and A. rhizogenes, respec-
tively, carry genes responsible for genetic transformation of
the plant. See, for example, Kado, C. 1., Crit. Rev. Plant. Sci.
10:1 (1991). Descriptions of Agrobacterium vector systems
and methods for Agrobacterium-mediated gene transier are
provided by numerous references, including Gruber et al.,
supra, Miki et al., supra, Moloney et al., Plant Cell Reports
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8:238 (1989), and U.S. Pat. Nos. 4,940,838 and 5,464,763,
hereby incorporated by reference 1n their entirety.

In other embodiments, genetically modified plants are
obtained by microprojectile-mediated transformation
wherein DNA 1s carried on the surface of microprojectiles.
The expression vector 1s itroduced nto plant tissues with a
biolistic device that accelerates the microprojectiles to speeds
suificient to penetrate plant cell walls and membranes. San-
tord et al., Part. Sci. Technol. 5:27 (1987), Sanford, I. C.,
Tvends Biotech. 6:299 (1988), Sanford, 1. C., Physiol. Plant
79:206 (1990), Klein et al., Biotechnrology 10:268 (1992).

Another method for physical delivery of DNA to plants

contemplated by this invention 1s sonication of target cells.
Zhang et al., Bio Technology 9:996 (1991). Alternatively,

liposome or spheroplast fusion have been used to introduce

expression vectors 1nto plants. Deshayes et al., EMBO 1.,
4:2°731 (1985), Christou et al., Proc Natl. Acad. Sc1. USA
84:3962 (1987). Direct uptake of DNA into protoplasts using
CaCh precipitation, polyvinyl alcohol or poly-L-ornithine
have also been reported. Hain et al., Mol. Gen. Genet. 199:
161 (1985) and Draper et al., Plant Cell Physiol. 23:451
(1982). Electroporation of protoplasts and whole cells and
tissues have also been described. Donn et al., In Abstracts of
Viith International Congress on Plant Cell and 1issue Cul-
ture IAPTC, A2-38, p. 53 (1990); D’Halluin et al., Plant Cell
4:1495-1505 (1992) and Spencer et al., Plant Mol. Biol.
24:51-61 (1994).

Methods of Using the Enzymes and Mutant Strains of C.
lucknowense

This invention also provides methods of enzymatic saccha-
rification of cellulosic matenals. Any cellulose contaiming
material can be treated by the enzymes of this invention,
non-limiting examples of which include orchard prumngs,
chaparral, mill waste, urban wood waste, yard waste, munici-
pal waste, logging waste, forest thinnings, short-rotation
woody crops, industrial waste, wheat straw, oat straw, rice
straw, barley straw, rye straw, flax straw, sugar cane, corn
stover, corn stalks, corn cobs, corn husks, prairie grass, gam-
agrass, foxtail; sugar beet pulp, citrus fruit pulp, seed hulls,
cellulosic animal wastes, lawn clippings, cotton, and sea-
weed.

In certain preferred embodiments, the lignocellulosic
maternals are pretreated before being exposed to the enzymes
or enzyme mixtures of the invention. Generally speaking, the
pretreatment can be any procedure that makes the subsequent
enzymatic saccharification of the lignocellulosic materials
more eificient (1.e., either less time-consuming or less costly).
For example, the lignocellulosic material may be pretreated
by methods including, but not limited to, exposure to acids,
bases, solvents, heat, peroxides, ozone, or some combination
thereol prior to enzymatic saccharafication. These pretreat-
ments can also be combined with other forms of processing,
such as mechanical shredding, grinding, milling, or rapid
depressurization (e.g. steam explosion).

Generally, enzymatic saccharification according to the
invention involves using CBH Ia, CBH 11b, EG VI, BGL, Xyl
I1, or mixtures thereol. One or more of these enzymes may be
further combined with other enzymes capable of promoting
enzymatic saccharification, which may be derived from C.
lucknowense, a mutant strain, or another organism. For
example, in one embodiment, the enzymatic saccharification
involves an enzyme mixture comprising CBH Ia, CBH Ib,
CBH IIb, EG II, EG V, BGL, and Xyl II. In other preferred
embodiments, the enzymatic mixture contains a cellobiohy-
drolase, which may be CBH Ia, CBH Ib, CBH Ila, CBH IIb,

and mixtures thereof, with a 3-glucosidase such as BGL.
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In certain embodiments, the enzyme compositions are arti-
ficial enzyme compositions that contain purified forms of
CBH Ia, CBH Ib, CBH IIb, EGII, EG VI, BGL, or Xyl II. The
purified forms of these enzymes may be used alone on mixed
together. In certain preferred embodiments, the selected puri-
fied enzymes are present in higher relative amounts than
would be the case for the enzyme secretions of the wild type
C. lucknowense.

In certain embodiments, the mvention provides a mutant
strain o C. lucknowense that 1s capable of expressing CBH Ia,
CBH Ib, CBH IIa, CBHIIb, EGII,EGV, EGVI, BGL, or Xyl
I1, or mixtures thereot in proportions higher than found 1n the
enzyme secretions of the wild-type organism. The secreted
enzymes of such a mutant strain of C. lucknowense may serve
as a raw source from which purified forms of CBH Ia, CBH
Ib, CBH Ila, CBH Ilb, EG II, EG V, EG VI, BGL, or Xyl II,
can be produced. Alternatively, the secreted enzymes of such
a mutant strain may also be applied directly to the cellulosic
materials to be saccharified. In particularly preferred embodi-
ments, the cellulosic materials are exposed directly to the
mutant strain of C. lucknowense 1n an environment conducive
to the proliferation of the mutant strain of C. lucknowense,
such as 1n a bioreactor. The 1n situ secretions of CBla, CBH
Ib, CBH Ila, CBH IIb, EGII, EGV, EG VI, BGL, or Xy11I, or
mixtures thereof by the mutant strain of C. lucknowense, in
proportions higher than found 1n the enzyme secretions of the
wild-type organism, lead to enhanced 1n situ saccharification
of the cellulosic material.

Following enzymatic treatment by the inventive enzymatic
compositions of the invention, the fermentable sugar that 1s
produced can be exposed to microorganisms, either naturally
occurring or genetically engineered, that are capable of fer-
menting the sugar to produce ethanol or some other value-
added fermentation product. Preferably, substantially all of
the glucose 1s converted to ethanol, which may be subse-
quently used as a fuel, solvent, or chemical reactant. In pre-
terred embodiments, the ethanol 1s used as a fuel for powering
transportation vehicles, non-limiting examples of which
include cars, trucks, buses, mopeds and motorcycles. Other
potential fermentation products from glucose include, but are
not limited to, biotuels (including ethanol); lactic acid; plas-
tics; specialty chemicals; organic acids, including citric acid,
succinic acid and maleic acid; solvents; animal feed supple-
ments; pharmaceuticals; vitamins; amino acids, such as
lysine, methionine, tryptophan, threonine, and aspartic acid;
industrial enzymes, such as proteases, cellulases, amylases,
glucanases, lactases, lipases, lyases, oxidoreductases, and
transierases; and chemical feedstocks.

EXAMPLES

Example 1
Enzyme Isolation

Culture filtrates produced by the C. lucknowense mutant
strains were used for 1solation of individual enzymes. Com-
mercial preparation of NCE-L600 (C. lucknowense) were
from Dyadic International, Inc., USA.

Highly purified BGL (cellobiase) trom Aspergillus japoni-
cus was obtaimned from a commercial preparation, having
specific cellobiase activity 50 U mg™" protein (pH 5.0, 40°
C.), and was used in the experiments on hydrolysis of
insoluble cellulose.
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Example 2

Enzyme Purification

The enzyme purification was carried out by chromatogra-
phy on a Pharmacia FPLC system (Sweden). Cellobiohydro-
lases and endoglucanases BGL and Xyl II were 1solated from
a C. lucknowense UV18-25 culture filtrate. BGL and Xyl II
(xylanase II) were 1solated from culture filtrates produced by
the C. lucknowense UV18ACDbhl#10 and Xyl2-18 mutant
strains, respectively.

In all cases, the first purification stage was anion-exchange
chromatography on a Source 13Q column (40 ml volume).
The column was equilibrated with 0.02 M Bis-Tris-HCI
butifer, pH 6.8. The mitial culture filtrate was preliminarily
desalted and transierred mto the starting bufler by gel-filtra-
tion on Acrylex P4 (Reanal, Hungary). The sample (400 mg
of protein) was applied to the Source 15Q column, and the
clution was carried out with a gradient o1 0-1 M NaCl at a flow
rate of 10 m] min™".

The first protein fraction after the Source 15Q), eluted at
0.05 M NaCl and having high Avicelase activity, was sub-
jected to hydrophobic interaction chromatography on a
Source 15 Isopropyl column (Pharmacia, Sweden). The col-
umn was equilibrated with 1.7 M ammonium sulfate 1n 50
mM Na-acetate builer, pH 5.0. Proteins were eluted with a
reverse linear gradient of 1.7-0 M ammomium sulfate at a flow
rate of 4 ml min~'. The protein fraction with the highest
activity against Avicel (eluting at a salt concentration o1 0.30-
0.35 M) contained the homogeneous protein with amolecular
mass of 70 kDa (CBH IIb, see FIG. 1).

The protein fraction after the Source 13Q), eluted at 0.22 M
NaCl and having the activity against Avicel and p-NP-[3-D-

cellobioside, was further purified by chromatofocusing on a
Mono P HR 5/20 column (Pharmacia, Sweden). The column

was equilibrated with 0.025 M Na-formate buifer, pH 4.0.
Proteins were eluted with a gradient of pH 4.5-3.0 (using
Polybuffer 74) at a flow rate of 0.5 m1™'. Homogeneous 60
kDa CBH Ib was obtained as a result of chromatofocusing
(F1G. 1).

The two newly 1solated cellobiohydrolases are homoge-
neous according to the data of SDS-PAGE and 1soelectroio-
cusing (FIG. 1), their molecular masses were found to be 60
and 70 kDa, pl 3.8 and 5.6, respectively. Peptide mass finger-
printing using MALDI-TOF mass spectrometry (data not
shown) indicated that these proteins were different from the
above-mentioned cellobiohydrolases (Cel6A and Cel7A) as
well as from other C. lucknowense enzymes previously 1so-
lated. Subsequent de novo sequencing of tryptic peptides
from the new cellobiohydrolases, using tandem TOF/TOF
mass spectrometry (MS/MS), followed by the BLAST search
in the SWISS-PROT (UniProtKB) database showed that the
60 kDa and 70 kDa proteins display sequence similarity to
cellobiohydrolases from the GH families 7 and 6 ('Table 1, see
classification 1nto families 1n http://atmb.cnrs-mrs.ir/
CAZY/). So, they were classified as Cel7B (CBH Ib) and
Cel6B (CBH IIb), respectively. Thus, the C. lucknowense
fungus secretes at least four cellobiohydrolases encoded by
different genes, two of them belonging to the glycosyl hydro-
lase family 6 (GH6) and two other enzymes—to the GH7
family (Table 2). The molecules of the CBH Ia (Cel7A) and
CBH IIb (Cel6B) represent typical cellulases consisting of a
catalytic domain and CBM connected by a flexible peptide
linker. The molecules of CBH Ib (Cel7B) and CBH Ila
(Cel6A) consist of only the catalytic domains (they lack
CBM). It should be noted that the most studied fungus 7.
reesei has only two cellobiohydrolases: 1 (Cel7A) and 11
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(Cel6A). Other fungi, such as Humicola insolens, also
secrete two cellobiohydrolases (Cel7A and Cel6A), while

Phanerochaete chrysosporium produces at least seven differ-
ent cellobiohydrolases, of which six enzymes belong to the
GH7 family. All the enzymes mentioned, except for the P,
chrysosporium CBH 1-1 (Cel7A), possess CBM.

The BGL was 1solated trom the protein fraction after the
Source 15Q) (eluted at 0.10 M NaCl) containing the highest
activity against p-NP-p-D-glucopyranoside and cellobiose.
The fraction was subjected to hydrophobic mteraction chro-
matography as described above, the homogeneous BGL with
a molecular mass of 106 kDa and pl 4.8 was eluted at 1.3 M
of ammonium sulfate. The specific activity of the BGL
toward p-NP-3-D-glucopyranoside and cellobiose was found
to be 11 and 26 U mg™" of protein, respectively (40° C., pH
5.0). Purified BGL had optimum activity at pH 4.0 and
retained >50% of activity in the range of pH 2.5-6.5. The
temperature optimum was 40° C. After heating for three
hours, the enzyme retained 10% activity at 60° C., 64% at 50°
C., and 100% at 40° C. The enzyme was highly active against
cellobiose, gentiobiose, and laminarobiose as substrates.
Weak activity was also observed using sophorose, cellotriose,
cellotetraose, cellopentaose, and cellohexaose as substrates.
No activity was observed with lactose or tregalose as sub-
strates.

The homogeneous Xyl II (24 kDa, pl 7.9) was obtained
alter anion-exchange chromatography followed by hydro-
phobic interaction chromatography as described above and
gel-filtration on a Superose 12 HR 10/30 column (Pharmacia,
Sweden). Flution at the last chromatographic stage was per-
tormed with 0.1 M Na-acetate buifer, pH 5.0, at a flow rate of
0.3 mlmin~". The Xyl Il had specific xylanase activity of395
U mg™" of protein (50° C., pH 5.0, birchwood xylan as a
substrate). The enzyme had a pH optimum of 6.0 and a tem-
perature optimum of 70° C. Xyl II was highly specific for
xylan as substrate, with no activity against carboxymethyl-

cellulose (CMC) or barley p-glucan.
The C. lucknowense CBH la (65 kDa), CBH Ila (43 kDa),

EGII(51kDa), EGV (25kDa), EGVI(47 kDa)were purified
as described elsewhere (see, Gusakov A V, Smitsyn A P,
Salanovich T N, Bukhtojarov F E, Markov AV, Ustinov B B,
van Ze1jl C, Punt P, Burlingame R. “Purification, cloning and
characterisation of two forms of thermostable and highly
active cellobiohydrolase I (Cel7A) produced by the mdus-
trial strain of Chrysosporium lucknowense’ Enzyme Microb
lechnol 2005; 36:57-69; Bukhtojarov F E, Ustinov B B,
Salanovich T N, Antonov A I, Gusakov A V, Okunev O N,
Sinitsyn A P. “Cellulase complex of the fungus Chrysospo-
rium lucknowense: 1solation and characterization of endoglu-
canases and cellobiohydrolases™, Biochemistry (Moscow)
2004; 69:542-31.

The enzyme purity was characterized by SDS-PAGE and
1soelectrofocusing. SDS-PAGE was carried out in 12% gel
using a Mini1 Protean II equipment (Bio-Rad Laboratories,
USA). Isoelectrofocusing was performed on a Model 111
Mim IEF Cell (Bio-Rad Laboratories, USA). Staining of
protein was carried out with Coomassie Blue.

Example 3

MALDI-TOF and Tandem TOF/TOF Mass
Spectrometry of Peptides

The 1n-gel tryptic digestion of the protein bands aiter the
SDS-PAGE was carried out essentially as described by Smith
(Smith B E. Protein sequencing protocols. Totowa: Humana
Press; 1997). Trypsin (Promega, modified, 5 ug/mL) i 50
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mM NH_HCO; was used for a protein digestion. The result-
ing peptides were extracted from a gel with 20% aqueous
acetonitrile containing 0.1% trifluoroacetic acid and sub-
jected to MALDI-TOF MS (see, James P. (Ed.) Proteome
research: mass spectrometry. Berlin: Springer-Verlag; 2001.)
Selected peptides from the mass spectra of the tryptic digests
of the CBH Ib and IIb were analyzed by tandem mass spec-
trometry 1n order to determine their sequences de novo.
Ultraflex TOF/TOF mass spectrometer (Bruker Daltonik
Gmbh, Germany) was used 1n the MS experiments.

Example 4

Enzyme Activity Assays

CMCase activity was measured by assaying reducing sug-
ars released after 5 min of enzyme reaction with 0.5% car-

boxymethylcellulose (CMC, medium wviscosity, Sigma,
USA) atpH 5.0 and 350° C. (Sinitsyn A P, ChemoglazovV M,
Gusakov A V. “Methods of investigation and properties of
cellulolytic enzymes” (1in Russian), Biotechnology Series, v.
25. Moscow: VINITI Press; 1990). Enzyme activities against
barley p-glucan (Megazyme, Australia) and birchwood xylan
(Sigma, USA) were determined in the same way as the
CMCase activity, except the incubation time was 10 min.
Avicelase activity was determined by analysing reducing sug-
ars released after 60 min of enzyme reaction with 5 mg ml™'
Avicel PH 105 (Serva, Germany) at pH 5.0 and 40° C. Reduc-
ing sugars were analysed by the Somogyi-Nelson method
(Siitsyn A P, ChernoglazovV M, Gusakov AV, “Methods of
investigation and properties of cellulolytic enzymes™ (in Rus-
s1an), Biotechnology Series, v. 25. Moscow: VINITI Press;
1990; Somogyi M., “Notes on sugar determination™ J Biol
Chem 1952;195:19-23. Filter paper activity (FPA) was deter-
mined as recommended by Ghose (Ghose T K. “Measure-
ment of cellulase activities”, Pure Appl Chem 1987, 59:2577 -
68).

Activities against p-NP--D-glucopyranoside, p-NP-{3-D-
cellobioside and p-NP-f-D-lactoside (Sigma, USA) were
determined at pH 3.0 and 40° C. as described elsewhere
(Gusakov AV, Sinitsyn A P, Salanovich T N, Bukhtojarov F
E, Markov AV, Ustinov B B, van Ze1jl C, Punt P, Burlingame

R. “Purification, cloning and characterisation of two forms of
thermostable and highly active cellobiohydrolase I (Cel7A)

produced by the industrial strain of Chrysosporium luckno-
wense”’, Enzyme Microb Technol 2005; 36:57-69).

Cellobiase activity was assayed at pH 5.0 and 40° C. by
measuring the mitial rate of glucose release from 2 mM
cellobiose by the glucose oxidase-peroxidase method (Sin-
itsyn A P, Chernoglazov V M, Gusakov A V, “Methods of
investigation and properties of cellulolytic enzymes™ (1n Rus-
s1an), Biotechnology Series, v. 25. Moscow: VINITI Press;
1990).

All activities were expressed in International Units, 1.€. one
umt of activity corresponded to the quantity of enzyme
hydrolysing one umol of substrate or releasing one umol of
reducing sugars (in glucose equivalents) per one minute.

Example 5
Enzymatic Hydrolysis of Cellulosic Substrates

The enzymatic hydrolysis of cellulosic substrates was car-
ried out at pH 5.0 under magnetic stirring. Avicel PH 105
(Serva, Germany), cotton pretreated with acetone-ethanol
mixture (1:1) for two days 1n order to remove wax from the
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surface of cellulose fibres, and Douglas fir wood pretreated by
organosolv were used as substrates.

The experiments on progress kinetics ol Avicel hydrolysis
by purified individual cellobiohydrolases and experiments on
synergistic interaction between C. lucknowense cellulases
(with cotton as a substrate) were carried out at 40° C. The
substrate concentration in those experiments was 5 mg ml™".
In order to eliminate the effect of product (cellobiose) 1nhi-
bition on the kinetics and to convert all cellooligosaccharides
to glucose, the hydrolysis was carried out in the presence of
purified BGL (cellobiase) from A. japonicus, which was extra
added to the reaction system 1n excessive quantity (0.5 U
ml™).

The experiments on enzymatic saccharification of Avicel,
cotton, and pretreated Douglas fir wood by combinations of
purified C. lucknowense enzymes and crude multienzyme
preparations were carried out at 50° C. The concentration of
Avicel and pretreated wood 1n those experiments was 50 mg
ml~", while the concentration of cotton was 25 mg ml™".

A typical experiment was carried out 1n the following way.
A weighed amount of dry cellulosic substrate was placed 1nto
a 2-ml plastic test tube, then 0.5-1 ml of 0.05 M Na-acetate
butlfer, containing 1 mM NalN, to prevent microbial contami-
nation, was added, and the substrate was soaked in the bufter
for 1 h. Then, the tube was placed into a thermostated water
bath, located on a magnetic stirrer, and suitably diluted
enzyme solution 1n the same buifer was added to the substrate
suspension 1n order to adjust the total volume of the reaction
system to 2 ml and to start the hydrolysis. The tube was
hermetically closed with a l1id, and the hydrolysis was carried
out with magnetic stirring. At defined times 1n the reaction, an
aliquot of the suspension (0.05-0.1 ml) was taken, diluted,
centrifuged for 3 min at 135000 rpm, and the concentrations of
glucose and reducing sugars 1n the supernatant were deter-
mined by the glucose oxidase-peroxidase and Somogyi-Nel-
son methods. In those cases, when glucose was a single prod-
uct of the reaction, the degree of substrate conversion (for
Avicel and cotton, which represented pure cellulosic sub-
strates) was calculated using the following equation:

Glucose concentration (mg ml™) x 100%

Conversion (%) = —— : -
[nitial substrate concentration (mg ml ") x1.11

The kinetic experiments were carried out 1n duplicates.
Protein concentration was the measure of enzyme loading 1n
the reaction system. In the case of purified enzymes, the
protein concentration was calculated from the UV absorption
at 280 nm using enzyme extinction coelficients predicted by
the ProtParam tool (http://www.expasy.ch/tools/protparam-
html). For crude multienzyme preparations, the protein con-
centration was determined by the Lowry method using bovine
serum albumin as a standard.

The CBH Ib and IIb displayed maximum activity at pH 4.7
and 5.0. Both enzymes were stable during 24 h incubation at
pH 5.0 and 50° C. Study of the enzyme adsorption on Avicel,
carried outat pH 5.0 and 6° C., revealed that only the CBH IIb
has CBM. After incubation of the CBH Ib and IIb (1 mg ml™)
with Avicel (25 mg ml™") for 30 min on stirring the degree of
protein adsorption was 65 and 99%, respectively. It should be
noted that the adsorption degree of the catalytic domain of the
C. lucknowense CBH la was 59% under the same conditions,
while that for the full size C. lucknowense CBH 1a (an enzyme
with CBM) was 89%.

The CBH IIb had a high activity against Avicel and very
low CMCase activity, while the activity toward synthetic
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p-nitrophenyl derivatives of disaccharides was completely
absent (Table 2). The CBH Ib displayed lower Avicelase
activity, but hydrolysed p-NP-[3-D-cellobioside and p-NP-{3-
D-lactoside, which 1s typical for family 7 cellulases. For a
comparison, specific activities of previously 1solated C. luc-
knowense cellobiohydrolases (now named as CBH Ia and
CBH Ila) are also given 1n Table 2.

FIG. 2 shows the progress kinetics of Avicel hydrolysis by
the all purified C. lucknowense cellobiohydrolases, where the
enzymes were equalized by protein concentration (0.1 mg
ml™). In order to eliminate the effect of product (cellobiose)
inhibition on the kinetics, the hydrolysis was carried out in the
presence of purified BGL (cellobiase) from A. japornicus,
added to the reaction system 1n excessive quantity (0.5 U
ml™).

The highest hydrolysis rate amongst a few cellobiohydro-
lases tested, including three other C. lucknowense enzymes
(CBH Ia, Ib, Ha) was observed 1n the case of C. lucknowense

CBH IIb: 3.2 mg ml™" of glucose, i.e. 58% cellulose conver-
sion was achieved after 5 days of hydrolysis (see FIG. 2). The
C. lucknowense CBH Ia (which has a CBM) was notably less

effective (the yield of glucose after 5 days was 2.5 mg ml™",
which corresponded to the cellulose conversion degree of
46%, respectively). As expected, the C. lucknowense cello-
biohydrolases without CBM (CBH Ib and Ila) had the lowest
ability to hydrolyse Avicel: only 23 and 21% cellulose con-

version was achieved after the same time of reaction.
Both C. lucknowense cellobiohydrolases having a CBM (la

and IIb) displayed a pronounced synergism with three major
endoglucanases from the same fungus (EG II, EG 'V, EG VI)
in hydrolysis of cotton as well as a strong synergy with each
other (Table 3). In these studies, the concentration of cotton
was 5 mg ml™', the CBH concentration was 0.15 mg ml™" in
all cases, while the EG concentration was always 0.05 mg
ml~". In order to eliminate the effect of product inhibition on
the kinetics and to convert the intermediate oligosaccharides
to glucose, the hydrolysis was carried out in the presence of
purified BGL from A. japonicus,added to the reaction system

in excessive quantity (0.5 U ml™"). The experiments were
carried out at pH 5.0 and 40° C. for 140 h.

As seen from Table 3, individual cellobiohydrolases, CBH
Ia and CBH IIb, and the imndividual endoglucanases, did not
completely hydrolyze cotton under the conditions tested. The
CBH IIb provided the highest glucose yield after 140 h of
hydrolysis: 1.18 mg ml~', which corresponded to the sub-
strate conversion degree of 21%. However, when either cel-
lobiohydrolase was incubated with endogluacanase, a pro-
nounced synergism was observed. The highest glucose yields
(4.1-4.7 mg ml™") were achieved with combinations of CBH
Ia or CBH IIb with EG II, the coelficient of synergism being
varied in the range ot 2.6-2.8. A strong synergism (K ,=2.75)
was also observed between CBH Ia and CBH IIb. In fact, the
combination of two cellobiohydrolases (1:1 by weight) with
BGL provided practically complete conversion (98.6%) of
cotton cellulose to glucose after 140 h of hydrolysis.

As an example, the progress kinetics of cotton hydrolysis
by combinations of CBH IIb with other C. lucknowense
enzymes are shown in FIG. 3, where real experimental data
are shown with open symbols (continuous curves) while the
theoretical sums of glucose concentrations obtained under the
action of individual enzymes are shown with filled symbols
(dotted lines). Glucose yields obtained after 140 h of cotton
hydrolysis under the action of individual cellobiohydrolases
and endoglucanases and their combinations are summarized

in Table 3. The coeflicient ot synergism (K, ) was calculated
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as a ratio of experimental glucose concentration (column 2 of
Table 3) to the theoretical sum of glucose concentrations

(column 3).

Using four purified C. lucknowense enzymes (CBH Ia and
IIb, EG 11, BGL), an artificial cellulase complex was con-
structed (C.l. combination #1) that demonstrated an
extremely high ability to convert different cellulosic sub-
strates to glucose (FIGS. 4-6). This multienzyme composi-
tion was notably more efiective in hydrolysis of pure crystal-
line cellulose (cotton and Avicel) than the crude C.
lucknowense multienzyme preparation NCE-L600. In 72-h
hydrolysis of a lignocellulosic substrate (Douglas fir wood
pretreated by organosolv), the C.1. combination #1 was also
very elflective 1n cellulose hydrolysis.

In C. lucknowense combination #1, the enzyme consisted
of the two cellobiohydrolases CBH Ia and CBH Ib, and the
endoglucanase EG II, the enzymes with strong adsorption
ability on crystalline cellulose (the molecules of these
enzymes have CBM). The activity of tightly adsorbed cellu-
lases 1s gradually decreased during 1n the course of hydrolysis
of insoluble cellulose as a result of the enzyme limited mobil-
ity along the substrate surface or unproductive binding (so
called pseudoinactivation). Without wishing to be bound by
theory, 1t1s believed that there may exist a synergism between
tightly and loosely adsorbed cellulases wherein loosely bind-
ing cellulases (enzymes without CBM) may destroy obstacles
hindering the processive action of the tightly adsorbed cello-
biohydrolases, thus helping them to move to the next cellu-
lose reactive sites. The total protein concentration 1n the reac-
tion system was 0.5 mg ml™". The composition of the

multienzyme composition (C.l. combination #1) was the fol-
lowing: 0.2mgml™" of CBHIa+0.2 mgml™" of CBH I1b+0.08

mg ml~" of EG I1+0.02 mg ml™" of BGL. Avicel (50 mg ml™)
and cotton (25 mg ml™") were used as substrates representing
pure crystalline cellulose 1n these experiments. Sample of
Douglas fir wood pretreated by organosolv (50 mg ml™" ) was
taken as an example ol real lignocellulosic feedstock that may
be used for bioconversion to ethanol. A crude C. lucknowense
multienzyme cellulase preparation NCE L-600 (diluted so
that the protein concentration 1n the reaction system would
also be 0.5 mg ml™") was taken for a comparison in these
studies. The hydrolysis experiments with them were carried
out alsia in the presence of extra added A4. japonicus BGL (0.5
Uml™).

The progress kinetics of cotton, Avicel and Douglas fir
hydrolysis by different cellulase multienzyme preparations
are shown in FIGS. 4-6. It should be noted that 1n all cases, the
concentrations of glucose and reducing sugars after 24-72 h
of hydrolysis 1n a concrete experiment were practically the
same, 1.¢. glucose made up >96% of the total soluble sugars.
So, the glucose yield can be taken as reliable criterion 1n
comparison of the hydrolytic efliciency of different multien-
zyme samples.

In hydrolysis of cotton (FIG. 4), the combination #1 of
purified C. lucknowense enzymes provided much higher glu-
cose yield after 72 h of the reaction (23.4 mg ml™, i.e. 84%
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degree of substrate conversion) than the 4.2 mg ml™" exhib-
ited by (NCE-L600). In hydrolysis of Avicel (FIG. 5), the C.1.

combination #1 was also superior (45.0 mg ml™" of glucose,
or 81% substrate conversion aiter 72 h of hydrolysis). In the
case of pretreated Douglas fir (FIG. 6), the C.1. combination

#1 was also effective (28.8 mgml~" glucose, 63% conversion
alter 72 hours).

Unlike Avicel and cotton, the pretreated wood sample con-
tained not only cellulose (~85%) but also lignin (13%) and

hemicellulose (2%). The artificial C. lucknowense four-en-
zyme combination #1 was composed of only cellulases; all of
them, except for the BGL, having CBM. All other multien-
zyme samples possessed not only cellulase but also xylanase
and other types of carbohydrase activity, 1.e. they contained
non-cellulase accessory enzymes. This may explain rela-
tively lower efficiency of the C.1. combination #1 on pre-
treated Douglas fir compared to the P. verruculosum #151
preparation (FIG. 6).

In one set of experiments (FIG. 7), the pretreated wood
sample was hydrolysed by different compositions of purified
C. lucknowense enzymes, to which cellulases lacking a CBM
were mncluded (EG V or EGV 1n combination with CBH Ib).
The total protein concentration 1n the reaction system was
maintained at the same level of 0.5 mgml™" (Table 5). Indeed,
two C.l. combinations (#3 and #4), containing weakly
adsorbed enzymes, provided a notable enhancement of the
glucose yield after 72 h of the enzymatic reaction 1n compari-
son with the C.1. combination #1.

In two experiments, the highly active C. lucknowense Xyl
II (Xynl1A)was added to the above-mentioned four enzymes
(C.l. combinations #2 and #4). Since a synergism between

tightly and loosely adsorbed cellulases has been described
[38], EGV or EGV together with CBH Ib (both enzymes have

lack CBM) were used 1n the C.1. combinations #3 and #4.

As can be seen from FIG. 7, the initial rate of glucose
formation decreased sequentially from C.1. combination #1 to
combination #4, however the glucose yield after 2-3 days of
hydrolysis increased 1n the same sequence. The Xyl II dem-
onstrated only slight positive effect on the glucose yield,
while the EGV or EGV together with CBH Ib provided a very
notable increase in the product concentration after 72 h
hydrolysis of wood (37 and 41 mg ml™", res]%)ectively) com-
pared to the C.1. combination #1 (29 mg ml™ "), 1.¢. the com-
binations #3 and #4 performed much better than all crude
multienzyme samples (FIG. 6).

The low performance of the crude C. lucknowense prepa-
ration (NCE-L600) 1n hydrolysis of different cellulosic sub-
strates (FIGS. 4-6) deserves a special attention. Without wish-
ing to be bound by theory, it may be explained by the low total
content of different cellobiohydrolases 1n the NCE-L600 (35-
40% of the total protein content). Moreover, two of four C.
lucknowense cellobiohydrolases (Ib and Ila) lack CBM,
while two other enzymes (CBH Ia and IIb) also partially lose
the CBM during the course of fermentation. The CBM
absence 1n major part of cellobiohydrolases from the NCE-
L.600 may lead to the lower activity of the crude preparation
toward crystalline cellulose.

TABLE 1

Identification of peptides in the isolated
C. lucknowense proteing using MALDI-TOF MS /MS

UniProtKB
Enzyme m/z Peptide” BLAST identification” No.
Protein 60 1133.6 HEYGTNIGSR 118 HEYGTNIGSR 127 054003
kDa (cbhl.2 Humicola grisea - GH7)
1829.9 MGNQDEFYGPGLTVDTS 291 LGNTDFYGPGLTVDT 305 QOUVSSE
K (cbhB Aspergillus niger - GH7)
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TABLE 1-continued

L1

Identification of peptidegs in the isolated
C. lucknowense proteing using MALDI-TOF MS/MS

UniProtKB
Enzyme m/ z Peptide” BLAST identification® No .
Protein 70 1061 .4 YPANDYYR 127 ANNYYR 132 QOC1So
kDa (Avicelase 2 Humicola insolens -
GHG6 )
1920.0 HYIEAFSPLLNSAGFPAR 367 KYIEAFSPLLNAAGFPA 383 Q872J7
(CBH II Neurospora crassa - GH6)
2073 .5 LWOQPTGQOOWGDWCHN 381 QPTGQQOWGDWCNV 394 PO7987

VK (CBH II T. reeseili - GHo)

“Since the MS/MS can not distinguish between Leu and Ile residues (they have the game masgses), there may
be ambigulty 1n the appropriate positions of the i1dentified peptides.
’Residues conserved in the €. lucknowense enzymes are shown in bold.

TABLE 2

Specific activities (U mg™! of protein) of purified cellobiohydrolases from
C. lucknowense toward different substrates at pH 5.0 and 40° C.

Mol. Cat. Barley

mass  domain CBM - p-NP-pP-D-  p-NP-p-D-
Enzyme (kDa) designation presence Avicel CMC? glucan® cellobioside lactoside
CBH Ia 65 Cel7A Yes 0.21 0.1 <0.1 0.021 0.12
CBH Ib 60 Cel7B No 0.12 0.3 <0.1 0.020 0.09
CBHIIa 43 Cel6A No 0.08 1.1 2.0 0 0
CBHIIb 70 Cel6B Yes 0.22 0.2 0.2 0 0

“Activity was determined at 50° C,

AR 35 TABLE 4
Synergism between C. lucknowense cellulases 1in hydrolysis of cotton
cellulose (5 mg ml™) at pH 5.0 and 40° C. in the presence of 0.5 U ml™*
of 4. japonicus BGL. In all cases the CBH concentration was
0.15 me ml~!, the EG concentration was 0.05 mg ml ™.
Clucase concentration  Glicose coneentration 40 Specific activities (U mg™" of protein) of multienzyme preparations
after 140 h, after 140 h, toward different substrates at pH 5.0 and 50° C.

Enzyme experimental (mg ml™!) theoretical® (mg ml™) Ken
CBH Ia 0.81 — — Protein
CBH IIb 1.18 — —
EG II 0.64 — — 45 Prep- (mgml™  Filter
EGV 0.70 - — - -1 . oA
FG VT 040 B B aration ormgg ) paper CMC  Xylan Cellobiose
CBH Ia + EG I 4.05 1.45 2.79
CBHIla+EGV 3.08 1.51 2.44 NCE-L600 45 0.25 12.2 4.8 0.07
CBH Ia+ EG VI 3.93 1.21 3.25 |
CRH IIb + EG I 479 1 8 259 &g C.l. combin- 1000 1.10 6.6 0 1.05
CBHIIb+ EGV 3.81 1.88 2.03 ation #1
CBH IIb + EGVI 4.05 1.58 2.56
CBH Ia + CBH IIb 5.47 1.99 2.75

“Activity was determined at 40° C,

“Calculated as a sum of glucose concentrations obtained under the action of individual
€NZyInes. 35

TABL.

L1l

D

Composition of artificial multienzyme combinations based on purified C. lucknowense
enzymes and vields of glucose after 72-h hydrolysis of pretreated Douglas fir wood (50
mg ml™1), pH 5.0, 50° C. The total protein concentration in the reaction system was 0.5
mg ml ', the concentration of each component and glucose vields are given in mg ml™".

Combination CBH Ia CBH Ib CBH IIb EG II EGV BGL XylII  Glucose yield

#01 0.2 0 0.2 0.08 0 0.02 0 28.%8
#02 0.2 0 0.2 0.07 0 0.02 0.01 30.1
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TABLE 5-continued
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Composition of artificial multienzyme combinations based on purified C. lucknowernse
enzymes and yields of glucose after 72-h hydrolysis of pretreated Douglas fir wood (50
mg ml™1), pH 5.0, 50° C. The total protein concentration in the reaction system was 0.5

mg ml™, the concentration of each component and glucose yields are given in mg ml~L.

Combination

#0O 3
#04

<1l60>

<210>
<211>
<212 >
<213>

CBH Ia CBH Ib CBH IIb EG II
0.2 0 0.2 0.04
0.1 0.1 0.2 0.03

NUMBER OF SEQ ID NOS:

SEQ ID NO 1
LENGTH :
TYPE :
ORGANISM: Chrysosporium lucknowense

6360
DNA

<400> SEQUENCE: 1

ctcagattct

ctagggttgt

agggggtttt

ggcccttgte

tcctaataat

cgttgtctcc

agttgatttt

tcgacattcyg

gcaggttgaa

caggctccga

cagtcgtccc

cacccattga

ctaccaccga

tcatgtatga

accgagagac

aactccagcy

cgttggctct

cagcgygcgygy

ggaagagaac

gggaagaagt

CcCaCaCCCCd

agcatctacyg

ggccgtgctg

aggygcccda

gcttctecte

ctccagtctc

cgcegggtac

aggggtaggg

taaactcaaa

tccgaaagcy

caccgttett

taggtagata

acgtctcgca

aaccctttcc

gattttccct

ccgcogcaaaa

atcccgtcag

gttgttectygg

tttatcgacy

atgcgagatc

ttattaccta

gactcgacaa

aggaagtcgc

ccacgaatcyg

tcacgtcacy

aattcttggy

ggtattagag

cgtcctggga

gcaccatctg

ggccctgcecec

Ctttattgat

cacygcggeygy

cgtgctgggc

ggagtactga

EGV

0.04
0.04

SEQUENCE LISTING

28

cgggagcada

gaacttcttg

gcgctatacy

gtttcecegtt

tttcggtaga

accttgcgaa

agagacgata

taattatatg

cctcaaccga

atcagtcagt

ggggttgatc

cataatcaag

cgggctagcec

tgcatctatc

cctgacactt

ccagagatgc

gagccgactc

tttcatgggy

ggtagcgacc

cacgcaccgyg

gcaagacatc

ccggegectc

ggcaatgctyg

tagcaaaaaa

cgggaccgct
gtgcagatca

gccgcecaace

ggcgaaaatt

ctcttgttet

aagccagagyg

tgtcaattgc

ggtagtttaa

acttcgccac

taatagtgca

aagtattcgg

gtcacctcgce

tctggtggcet

aacaggagga

Cttaataaaa

cgcggaagga

ttcgtatctyg

ggcaaaagac

ggatgagaag

ttcegtttygg

agycygcgyac

gagccaaaag

aaaacgcatt

caggatgcaa

gcctgttaga

gegcageyggyce

acaattaaat

tgtggacggc

cgacccaggaa

acagccgatyg

gggttgtaga
tagtcttete
ctactttcct
gacgttgccyg
ttatgcttca
attgaagata
agtttctttyg
cccacggaac
gtccatgttt
atggacgcgg
agagatctga
accaaacagc
tgatggccac
cctegggttyg
atttcggttyg
acaacgccga
ccaatctccyg

agccatccca

9999999999
tgggcccttyg

cccagtaggyg

gtcccocggcac

atcaacaaca

tacccttcca

ggtacactac

gagaaatgat

gaccgtgata

BGL

0.02 0
0.02

atatgaggag
tcctgggaaa
tgctttggat
gcaacctagg
gtagagaaat
gcattgtctg
atcggaatca

cgggcecccga

gtcatggaat

gagttacggc

gatcgaacta

gtgtttggtyg

agatctagcg

gcaacacctyg

dacadgcdydygyay

gacgtgecgg

ggataaatcc

gccaggccat

gdagcgggag

ccaadcadadacd

gatgccaaga

ccgcecaatgyg

ctgctcggygyg

ttccagcaga

aAacCcgCcygddddy

cgcggtcetga

tctcaatgeyg

Xyl 11

0.01

Glucose yield

37.3
41.0

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1620

26



ttcaagcaac

tgccctggec

tattccecget

cgcgacgaaa

gaaagtcggc

ttccgaatcet

acaggtccat

cgcagtcgca

gggﬂﬂtggﬂﬂ

ttggtcgaag

ctccaactgy

gaccaacgct

ctaccagggc

taagcacgag

gtaccagatg

cgagtgeggce

gagctacccyg

agacgggtgc

ctccaaacag

caacatcgag

cgggtgctgce

tagctcgagt

tttegettte

ctgcggtggce

ctacaacccc

cagcaagaag

ddddddaddada

gccagttcga

tcoceccggocc

gcagtgccct

atgccatcaa

tacgttacct

cttatatacyg

gctctggcetce

ccegtgtect

agtcgaaacc

ttagcaaggt

aaactgcaac

ggagccctcg

tcattgtgta

AcagCcaacac

gcgaacygygy
ggcgtcgccc
tcggattaac
tcagttttcc
ttggcagaga
tcteccaccey
gtcaagatga
acggcccagc
tgcacggccc
cgctgggtgc
tgcagctctyg
acctatggcyg
tacggcacca
ttcaccctceca
ctcaacagcyg
accaacacgg
ccttattatc
tactgcgacy
ggctggaagc
gctgagatcyg
ggttcccgtce
accccgcecacy
acctactccyg
taccgcatgyg
ttcacgtgag
aaaagaagtc
ggagaacaag
caaggtcgag
gttcaaggcc
cacggccectc
aaccceeccec

tcecegegtec

gactcgagct

caggactctyg

gtaaaatgtc

catctggtcc

ctgaccgggc

tgtccttett

catacacaaa

27

cctggacgag
cgcgtacccc
agtctggggc
cgttggctga
actgcccccy
ctcatgataa
ctcaaccagc

agcagtacct

aggcgggtaa
cgggatcctyg
acgacgagaa
ccaccgactyg
cctcocgaccag
acattggttc
agggcaacga
ccectectactt
ccggtgcectaa
tgctgcgaaa
cccaatgcgc
cgtccaccaa
acgtctggta
gttgctgacc
gttgcgagaa
aggaccgctt
gcaaccagga
tacaccgtgc
aaatgattga
ctcacccagt
ggcatcgatg
ttcgatgacc
agcactccca
CCCTCTLCTCttttC

atgatgctta
acccccectyga
gcgtcocggc
gggcaaaaaa
aacatccgct
CCLTLCLCtC
ttcctaggtt

aacttaacat

tctctectcec

agatttctac

ggtccggcca

tcaattccaa

acaggcaggt

tataaaaagyg

ctccaattcc

ccagtacctc

cctgcagacc

ccaacaggtc

cgcgcagaac

cgccgagaat

cggcaatgcc

gcgcctctac

gctggectte

cgtggccatyg

gttcggcact

acggacggtc

acgcgacctc

cgatgccaat

agttttgttyg

ctctcttacc

ccctaaatac

cgctggtgac

cttctacggt

ttgaagcccc

tgctaaccaa

tcttegtceca

cggacagcgc

gtgaccgctt

tggtcctegt

ttceegette

CCLLTLCCLCC

gaaggctggc

cgacgttgag

aagatcgctc

tcggcceccat

CaCcCcCcCcCcacc

cgcgaacctt

ctgctaccaa

US 8,916,363 B2

-continued

cctaccaccc

tccgtactga

agactctcgg

gtcaagggag

tccggatcetyg

caaatgaggc

tcagaagtct

gcggcegaccec

gagactcacc

daacyggcgdgadgy

tgctacgacg

tgcgcgcetcg

ctgacgctca

ctcatgaacg

gacgtcgacc

gaggaggatg

ggggtaagtt

cccttttget

aagttcgtcg

gccggtgtceg

cctgggcagce

agggagtcga

cacgtctgcg

tgcgatgcca

ccecggcttga

ctccececoecceccece

atcaaataac

ggacgdgcaad

cgctatcacc

ctcggaggtt

catgtccatc

tctcceccececgaa

Ctccagcact

cagcctggcg

gctcagtacc

aagctaacga

cggctcecgact

cctctcaagt

tgagcttgtyg

gatcttggcy

cctcececocoececcece

caccccaatc

tgcacgatac

aagtggtatg

gacagcagtc

ggcgccttgg

gttgctetet

tgcccoccectgygt

ccaagctcac

tcgtcatcga

gcaaccagtyg

agggtgccga

ccttcgtcac

gcgcgaacaa

tctcecggecgt

gcggtgtgte

caacgacccg

aactaccctce

gcggcaagyy

gtccttatygy

aatggtatat

acaagtatgc

adaccaccad

acggctgcga

cggtcgatac

ccccccadaad

agcgtcgtca

aagattgaga

cctgagetgt

ggcggcttcg

tgggatgatg

actgccacta

acgccaatat

gtgaccgtgg

ctaatgcgtyg

aataatatga

gtcaacgtct

tctetetggt

tatcgtaggyg

ctttgccagyg

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020
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CCcttctcaaa

cgttgcaaga

gcttgattta

gccagaagcc

tacccgcacy

cgtcaatgtyg

ttgagccagc

ccgtccaacc

aggttcctat

attataagca

atctgtacct

taccgtgaca

aattatcaac

catcaacgaa

atcatagccyg

agccttcaag

agcttcecgggc

ctagacattt

CCLLCLttcctt

atcttgcetgc

cagacagccyg

ttccgagtygy

gcgactttga

tatgggacgg

ccgttgtetce

CCCCCLLELLE

tatctgtggt

gttgtcggaa

tgccatagcet

tcgttttgtc

tactatagac

tggcgcectty

acgaactctce

ctagtcgaga

ctatagttat

aaactagatc

ttagcttect

ccttctaata

attatatata

cctecgaagcea

ctacgcggta

tagcagagtc

ttgttttacyg

caatgtatcyg

gcttgaataa

aacacatggt

tgattcgaag

gccctgceaga

taataagctc

cgttattgtc

tcgattgaga

aatgcgctca

ttgtccatca

ggatagaaag

accagttata

acttataagc

actataaact

ctaagagcat

gacggcctta

aagtttcgac

gtgagccccy

tgtcttgetc

catcatggtc

gagccggatc

attttatttt

tcgttectcea

acaaagggtyg

gtataaggct

tcotttgtag

tgctttcaac

actactcctc

ttaccctgcet

cttctatatg

aggctaaatt

tagaagtttt

aggagtaatt

tagctatcat

ctatagatat

29

ctgagccttt
aaggggacydg
cgaacgtaga
aaagggtggt
taagaatgtg
cagagttaaa
agaatagcca
gaggagggaa
gtctaattaa

gcgggccocca

gaatcgctat
tttggccgygyg
atcagcgata
tgcacgtagce
ctcgctttcea
tgtgacccygyg
tttactagat
accgagcttce

ctgcottttt

gccttgggga

gacaaagtaa
aaaacatcgc
cagatcgccyg
aacaaccccc

gcaaggtaag

CCLtttaaatt
atttcagcga
tcagaagcta
atttaacgct

ataattttaa
gctcccggaa
tgccgacgta
ttaatacgct
ccttactagg
tgctagtata
atagtgccta
cctagaagga

agctaaattt

tagtaagtag

gtcctcocecgayg

agcagacctyg

catggcccct

caaccaacgg

aactaaaggyg

tacctaatag

gcaaaggacyg

aagttgaaga

tattaaaggc

cacgtgcctt

tccgatageyg

ccaccggtag

atcagcctat

ttgtcggcayg

gccgtcecocag

gtaaaatact

attatctcaa

aatgctagac

tceccecttaggc

gtaattattg

ttattgcgac

ttaccgcatc

cacctaacac

tgacggggtyg

ccgaagagga

CCCLCtCtttaa

cctctccacc

tagagcttct

ttggccagcet

caaggcactc

gcttattact

Cctttaatat

ttcgacgacy

cctagttett

tagagatttyg

acctataaat

gtattacctt

atataattat

ataggatagc

US 8,916,363 B2

-continued

tgaagtagga

ccacagatat

gaaggtgcca

tgctccectcege

aacgacgagyg

aagaaattag

cttgtteget

ataccggcaa

accacccygca

caccctcececca

aaggtctggce

taagcgatga

caaccgcgaa

tgccgcatac

agtccgagat

tggtgagatg

ggtttectttt

gCCCtCCttC

ttagaggata

gtatccgcegt

aataccaccg

gccatcccag

ggtgggatgg

ttgggccaat

caaatgacga

gcgtaatgaa

gaagcatcgt

aaggatatta

cctttgteta

CELECcCcttta

acgttcggca

tagtagtagc

tgtctattat

agaacttgta

tCtaaccttaa

aagctagaga

taatatctat

aagattcctt

tataatacta

tgactattta

tegtttggtt

accctagata

tcagcgaatc

catagggaaa

catgccaaga

tgatctcgaa

taattactcg

tgattccgca

tgtgtataca

actcatcaga

gttggtcatc

atcatacgcy

cctcecagagce

gcaggtagca

caatgggcgt

tgaactcctc

tgttaaatag

gggccccetcec

acctgtttec

ccatatgcta

acgacagagyg

gctggtatcyg

ggaaacacca

tgagactttc

aagagctaca

caaataagaa

gccacataca

taaatattag

tatagccacc

gttataagcc

Ctcttctatt

atctaagatc

gtatattaaa

tagtaattat

Caaccttatt

agatttgata

ttataaaaat

gctagtatat

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360
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<210>
<211>
<212 >
<213>

<400>

PRT

SEQUENCE :

Met Lys Gln Tyr

1

Leu

Agn

Asn

65

Ser

Gln

Phe

Leu

Glu

145

Ser

Ala

Glu

Tyr

225

Ala

Gly

AsSn

Phe

305

Val

Tle

Phe

ASp

2la

Leu

Gly

50

2la

Ala

Gly

Val

Met

130

Leu

ala

Pro

Gln

Gly

210

Gly

Phe

Glu

ASpP

Gln
290

Thr

Gln

ASpP

2la
370

Thr

Thr

35

Glu

Gln

Thr

Thr

Thr

115

Agn

Ala

Leu

Thr

Cys

195

Trp

Gly

Ala

Thr

Cys

275

ASP

Val

ASP

Ala

Ala

355

Tle

Ala

20

Trp

Val

Agn

ASP

Tyr

100

Gly

Phe

Agn
180

Ala

Phe

Thr

260

ASP

Phe

Val

Gly

ASP

340

Phe

Agn

SEQ ID NO 2
LENGTH:

TYPE :
ORGANISM: Chrysosporium lucknowense

450

2
Leu
5
Gln

Ser

Vval

Cys

85

Gly

Hig

2la

AsSp

Phe

165

Thr

Arg

Pro

Thr
245

Asn

2la

Ser

Lys

325

Ser

Asp

Thr

Gln

Gln

Tle

Tyr

70

Ala

Ala

Glu

Agn

Val

150

Val

Ala

ASpP

Ser

Ala

230

Pro

Agn

Gly

Gln
210

Ala

ASP

Ala

31

Ala

AsSp
55
Asp

Glu

Ser

Lys
135
AsSp
Ala
Gly
Leu
Thr
215
Glu
His
Gly

Gly

Pro
295

Phe

Tle

Ala

Arg

Leu
375

Leu

Gly

Thr

40

Ser

Gly

Agn

Thr

Gly

120

Leu

Met

2la

Lys

200

Agh

Tle

Gly

Gly

Cys

280

Gly

Glu

Glu

Tle

ASP
360

Ser

Ala

Agn

25

Ala

ASn

Agn

Ser

105

Thr

Gln

Ser

Glu

Lys

185

Phe

ASP

ASDP

Thr
265
ASP

Leu

Glu

Tle

Thr

345

ATg

Thr

Ala

10

Leu

Pro

Trp

Gln

Ala

50

Gly

Agn

Met

2la

Glu

170

Phe

Val

Ala

Val

Glu
250

Thr

Agn

Pro

330

Pro

Phe

Pro

Thr

Gln

Gly

ATrg

Trp

75

Leu

Agnh

Ile

Phe

Val

155

ASDP

Gly

Gly

AgSn

Trp

235

Agnh

Ser

Agn

Val

Lys

315

Gly

Glu

Ser

Met

-continued

Leu

Thr

Ser

Trp

60

Thr

Glu

Ala

Gly

Thr

140

Glu

Gly

Thr

Gly

Ala

220

Glu

Pro

Glu

Pro

ASP

300

Leu

Pro

Leu

Glu

Val
280

Pro

Glu

Cys

45

Vval

Asn

Gly

Leu

Ser

125

Leu

Gly

Gly

Lys

205

Gly

Ser

Asp

Tyr
285

Thr

Thr

Val
365

Leu

Leu

Thr

30

Gln

His

Ala

Ala

Thr

110

ATg

Gly

Val

Tyr

120

Gly

Val

Agn

ATrg
270
ATrg

Ser

Gln

Val

Ser

350

Gly

Val

Val
15
His

Gln

ASP

ASP

55

Leu

Leu

Gly

Leu

Ser

175

Agn

Gly

His
255

Phe

Met

Phe

Glu

335

2la

Gly

Met

US 8,916,363 B2

Gly

Pro

Val

Glu

Ser

80

Thr

Agn

Agn

160

Ser

ASDP

Ile

Pro

Tyr

240

Val

Ala

Gly

Phe

320

Gly

Leu

Phe

Ser

32



ITle
285

Pro

Gln

Asn

Trp

Pro

ASpP

Val

Val

ASP

Glu

Ser

Tle
435

Asp His

Lys Ala

405

Gly Val

420

Trp Ser

Tyr
390
Gly

Pro

ASh

33

Ala
Gln
Ala

Tle

Agn

Pro

ASP

Arg
440

Met

Gly

Val

425

Phe

Leu

Gly
410

Glu

Gly

Trp
395
ASp

Ala

Pro

-continued

Leu

ATYg

Gln

Tle

Asp

Gly

Gly
445

Ser

Pro

Pro

430

Ser

Ser

Cys
415

Agn

Thr

US 8,916,363 B2

Tyzr
400

Pro

2la

Val

450

<210>
<211l>
<212>
<213>
<400>
ccgcaagtga
ggttctgtgg
CCcttcttcet
tgcgcacggc
gaccaagcgt
gtcggcagac
ccgecgctett
ccccagtcaa
gttcgeccga
cgcctcgegc
cctccecgcetcet
gtgattctgc
gctccattcet
gcgagtcetgyg
gcactgcgct
attttcgact
cctgtgtggt
ttgttteget
gcttgcecggcet
gtggtaagaa
ccacccecctte

gtggcaaggt

ctctcagtgc

ctcgcagcegc

ctccaccacg

cacggcgagc

caggtccgag

ttcecgecgtc

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: Chrysogsporium lucknowense

3900
DNA

SEQUENCE: 3

atatgtaatt

gaatgcggca

cgtettette

tgcgtgttat

cttgagaatyg

gﬂﬂgﬂﬂtggg

cctttecatgy

cctgecgacce

gattaatatg

tctagaatct

ccttaccagy

caaggaccgc

ggtggctcta

agaygccydygyy

ccegttgatc

tgttcgactt

Ctctctcecect

ccgtgagadg

gcecgtgttgyg

agcceggtcec

gactgaccgt

cccacatgct

ctgcccaaca

agcaccagca

ccoocgeccy

tactctggca

gtccacaatc

gccgaagtcc

actcaatgga

agaggcgacg
CCLCcLtcCcttc
cgagcgtcgg
caacaacgtc
caataccacc
ttattcagga
gtaacccggt
ctatttccygg
gctttctaac
caccatccgc

atccttgcat

tcgggacggc

ttggcgtcac

cgtctatccc

gctacaggtyg

cgtgccaaac

gacacacacc

cggcccoccgt

gagtctccca

gagaatcgat

gﬂgﬂﬂtﬂggg

gccaggtgac

cctceccagcag

tctccagccc

accccttcte

tcgccattcec

ctagcttcca

agttctcgaa

ttgccgtgaa

tttcgggtcy

tacgtctagc

tcggaacctyg

cctgtcocagy

acgtggcttc

tccaccaccg

actaagtgca

ccggtteteyg

aataggtaag

tcgccatctyg

gttccccecatg

gatgctgccce

cgtcaagagc

ataaagagga

cactcccacce

aatggccaag

cattgaggag

tgattttetc

caaatccagy

ctcgacctgc

gagttccacc

caccaccagyg

cgtgaccagc

gggcegtecegyg

tagcatgact

gtggctcgac

acggagtcca

tgcgtgaaca

cggatggttg

caacatcccg

gcacgcatct

ccCctttcececece

cgagattctce

cggactgtec

caacacacdada

ggcccttecc

gtagccaacc

gtcaaggacc

gctctccagy

acctagggcc

accagccccyg

tgcacgccgce

tcceogeccecy

aagcttttca

cgccagaact

gtcgagtaat
actcaatgcyg

gttgcgcaga

actccgtcecgt

agcggcagct

attcccggceg

Ctcttcgceca

ggtactctgyg

cggaacgtca

gaaatgatgt

ttCCCgCCtC

acggccagcyg

tagacacgac

tccgecgceag

gcaggcadad

gccectgttetc

gcaaaacctyg

gcacccctte

tttcgcgacy

gttttggagc

cctctttcecce

agagtgatgt

ggccagoccy

gcgctcegtga

cctcecgategyg

agatagttgc

tcaccgecgce

gcggegetgt

ggcataaggg

gcggtaacgg

acgagtggta

cgacttccac

cctecectecte

gtgcgacctc

acgactacta

cggccaaggc

ccatcgacac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

34



cctgatggtce

ctatgctggt

ggttacctga

ccgtgactgt

caactacagyg

gatcatcctg

caagtgcagc

gaacctgccc

cgccaacatc

ggctgccgtce

ggccccgteg

cagcccgcete

cggcaaacaa

ccttecagtty

ccoecggeacc

cgttccacag

gtgcgcccga

ggcggcgagt

ctgtccgatyg

cagctgctca

gggcatgggce

tacctaccta

ttgtacatac

gaactttcca

CCCCCLCELCLLE

gttgtattygg

acgggcegttc

gcgtgtagtt

gtatagaagc

tgcgcceccocgc

gtcgccogceyg

gcctgettgy

tggtcacacy

acctggggtt

gactgcatgyg

ccececgcecaggy

atgacgcgat

cagactctgt

gagttacatg

cctggaggca

gccgecgcety

agctacatcyg

gttatcgagc

aacgccgcegt

aacgtcgcca

cagcccgcocy

cgeggectgg

tacacgtcgc

ttgaactcgy

cctaccggta

gcgtccacaa

gccCcacaacc

gccaacadaca

cggccaacac

ccgacggcac

ccectgcagcec

ccaacgcCccada

ctgattgggt

taaataaggc

Cttgtttata

dgaaadddadadaa

ggtaaaaaaa

tccecectgca

aattccctcec

gccccacgaa

aacgacctcc

cctegtagga

ggtgcgcctt

gttcctgegy

ccegecagega

ccgggtggtt

cgaagctggc

cgcccagctyg

acgccgagag

<210> SEQ ID NO 4

<211> LENGTH:
«212> TYPERE:

481
PRT

35

cccaggtecg
gcgacttgcc
aaacaacaac
cgtccaacygg
acgctatccg
ccgactcecgat
cgacgtacca
tgtatctcga
ccgagcetgtt
ccactaacgt
ctaaccctaa
ccggettece
CgCLCtLCttttE
ggtctcttag
gtttgactct
gtggggtgac
gyggccacgay
aagcgacacc
tgcccecceccecgag
ccegecctte
tcattgacca
ggcctatcgy
catacagcag
ggttgtacat
aaattttttt
ttttggcgceyg
actcgggtct
ccagtcgtcc
gtcaaaagtc
cttctcatcce
gaagttgtac

ttcctgeggt

catgactgygy

gtcgaacacyg
gcagtgtacc
cgcgeagtcec

ggagccdggy

ggctctcaat

ttctegtecc

agcccaactc

cgagttttcyg

caagcacatc

ggccaacatg

cgagttgacc

cgccocggcecac

tgccggcatc

cgccaactac

ctacgacgag

cgcacgcttce

CCCCtttgtct

tcectgettea

atactcttgg

tggtgcaatyg

ctggtcgatyg

agcgeagecc

gctggacagt

taaacctcgt

tgcggcetcett

gctctegett

ttagcatcca

aattagtctt

tgaggcatga

agagcagctc

tcagcgagac

tcgtaagcect

tggcaccatyg

acgccaagga

cattcgtcecct

tcctgogcety

tgtttegggt

gcgccaatga

gccacgatcc

aggaactcgc

ctgaacacgy

US 8,916,363 B2

-continued

aaggccggtg

ctacctttct

gtcgtctacyg

attgcaaacg

attgagtact

gtgaccaaca

gtgtacgcgc

gﬂﬂggﬂtggﬂ

tacaatgatg

aacgcctgga

aagcactaca

attgtcgaca

Ctgtcccccc

tctgtgacca

gaatgggcgc

tcaagggcac

cctttgtetg

gctacgacta

ggttccaggc

cataaagaga

ctgggggtac

cgtttattag

ctattcgttt

taggcttcga

ttaccttagg

agccecttyge

cagccgtceca

cgtcaaagtyg

cgatcgggtg

gcacgtgcag

tccagacgcyg

gﬂﬂggtﬂggﬂ

cgagcagcett

ggtggccgta

cgococgaccgce

ccgagcactg

cgggatcectce

ccaatcctcece

tgacgggatc

acctccccga

geggegecge

cggacatccg

tgaacgtggc

tcaagcagct

tcggctggec

ccggcaagcec

gcatcgcettc

tcgaggectt

ctggccgcaa

CCLLLCctcCccCccC

acctcooecccecce

cgaaactgac

cggctttggce

ggtcaagccc

ccactgcggce

ctacttcgag

gagagatggc

atattttacc

gtacttgttc

cgacaaagcyg

ttctttgtge

tacgttcgtce

aaatccctca

gagtatccca

tccaagagca

gtcctceccoccy

gccecgtcecggac

ctccagetgce

gccgcecgtcet

gacgagcccg

ccattcggat

ctggacgaaa

cagdyaygyacy

gctgtcegtec

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

36



<213> ORGANISM:

<400> SEQUENCE:

Met Ala Lys Lys

1

Ala

Thr

Gln

65

Ser

Ser

Gly

Val

Ala

145

Ala

Thr

Gly

ASp

Asn

225

His

ASp

Asn

Leu

Trp

305

Gly

Thr

Phe

ASp
385

2la

Gly

Cys

50

Val

Thr

Ser

Gly

ATrg

130

Ile

Glu

Leu

ala

Arg

210

Gly

Tle

Ser

2la

AgSh

290

Leu

Ile

Agn

Thr

Ser

370

Thr

Pro

Gly

35

Val

Thr

Ser

Thr

Ala

115

Leu

Pro

Val

Met

Agn

195

ASP

Gly

Tle

Met

Ala

275

Leu

Gly

Val

Ser
355

Pro

Gly

Val

20

Agnh

Ala

Ser

Thr

Thr

100

Thr

Phe

Ser

Pro

Val

180

Pro

Ala

Glu

Ala

260

Ser

Pro

Trp

Agn

Ala

340

Pro

Leu

ATrg

37

Chrysogsporium lucknowense

4

Leu

Ile

Gly

Gln

Ser

Ser

85

Pro

Ser

Ala

Met

Ser

165

Gln

Pro

2la

2la

Tyvr

245

AsSn

Thr

Agh

Pro

Asp

325

Asn

AsSn

Leu

Asn

Phe

Glu

Trp

Agn

Thr

70

Ser

Pro

Thr

Agn

Thr

150

Phe

Thr

Ala
Agn
230

Ser

Met

Val

Ala
310

Ala

Pro

AsSn

Gly
390

Tle

Glu

Gln

Glu

55

Thr

Ser

Pro

Ala

AsSp

135

Gly

Gln

Leu

Ala

bAla

215

Asp

Val

His

Ala

295

ASn

Gly

Asn

Asn

Ser
375

Thr

ATrg

Gly

40

Trp

Pro

Thr

Val

Ser

120

Thr

Trp

Ser

Ala

200

Ala

ATrg

Tle

Thr

Glu

280

Met

Tle

Ala
Tyr
360

Ala

Gln

Ala
Gln
25

Pro

Ser

Thr

Ser
105

Leu

Leu

Gln
185
Gln

Ser

Ser

ASn
265

Leu

Gln

Pro

Trp

345

ASP

Gly

Pro

2la
10

Agn

Thr

Ser

Ser

Arg

90

Ser

Ser

Arg

2la

ASp

170

Val

Leu

Agn

Tle

250

Met

Thr

Leu

Pro

ala

330

Ser

Glu

Phe

Thr

Leu

Gln

Thr

75

Ser

Pro

Gly

Ser

Ala

155

Arg

ATrg

Val

Gly

ITle

235

Ile

Agnh

Val

ASpP

Ala

315

Ala

Tle

Pro

Gly
395

-continued

Ala

Gly

Cys

60

Ser

Gly

Val

AsSn

Glu
140

Agnh

Ala

Val

Glu

220

ASpP

Leu

Val

Ala
200
Ala

Val

Ala

Hig

Ala

380

Gln

Ala

Ala

Ala

45

Leu

Thr

Ser

Thr

Pro

125

Vval

Ala

Val

Leu

Tvr

205

Phe

Ala

Val

Ala

Ala

285

Gly

Glu

Arg

Ser

365

Arg

Gln

Ala

Val

30

Ser

Pro

Ser

Ser

Ser

110

Phe

His

Ser

Thr

Agn

120

ASP

Ser

Tle

Tle

Lys

270

Leu

His

Leu

Gly

Ala

350

Tle

Phe

Gln

Val

15

Thr

Gly

Agn

Gln

Ser

o5

Ile

Ser

Agn

2la

Tle

175

Leu

Tle

Arg

Glu
255

Ala

Phe

Leu

335

Pro

Glu

Ile

Trp

US 8,916,363 B2

Leu

Gln

Ser

Ser

ATrg

80

Ser

Pro

Gly

Leu

Val

160

ASp

b2la

Pro

Ala

Lys

240

Pro

Ser

Gln

Gly

Ala

320

Ala

Ser

b2la

Val

Gly
400

38



ASp

Asn

Gly

Hig

Trp
465

Trp

Thr

Glu

Cys

450

Phe

Gly
Ser
435

Gly

Gln

Agn

His

420

ASDP

Leu

Ala

Val
405
Glu

Gly

Ser

Leu

Thr

ASpP

Phe
470

39

Gly
Val
sSer
Ala

455

Glu

Thr

ASP

ASDP

440

Leu

Gln

Gly

Ala

425

Thr

Gln

Leu

Phe

410

Phe

Ser

Pro

Leu

Gly

Val

A2la

Ala

Thr
475

-continued

Val Arg Pro Thr

Trp

Ala

Pro
460

AsSn

Val
Arg
445

Glu

Ala

Lys
430
Tyr

Ala

Agn

415

Pro

ASpP

Gly

Pro

US 8,916,363 B2

2la

Gly

Gln

Pro
480

Phe

<210>
<21l>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223 >
<400>
atgtacgcca
tgcactctga
agctgcacca
accgatageg
ggtccttett
atcaccacga
aacatcggcet
tcgcacccegy
ccagctcectc
caatggcgcec
caacaaggca
caagttcatc
cgoecggceacy
catggccgcec
cgactcecgtgc
atgcgacttc
cgacacgacc
ctccgagatc

catcccecggygc

cttcggcecgac

CYCYYgygC CC

gctcgactcece

ccccaccacc

LOCATION:
OTHER INFORMATION:

SEQ ID NO 5
LENGTH :
TYPE :
ORGANISM: Chyrsosporium lucknowense
FEATURE:
NAME/KEY: misc feature
LOCATION:
OTHER INFORMATION:
FEATURE:
NAME /KEY: misc feature

(1162) ..(1162)

1648
DNA

SEQUENCE: b5

agttcgcgac

ccgctgagaa

gcgtccaggg

ccaccaactg

gcgcctcocaa

gcggtaactce

cgcgtaccta

ccgocgdggadg

ggcaacgagt

ctctacttey

ggtgccaagt

aacygcdaddy

ggcaagtacg

gccttcactc

ggcggtacct

aactcgtacc

aagaagatca

aagcggttcet

gtcgagggca

gtgaccgact

atggtcctcy

acctggcecca

tcgggcegtcec

(812) .

. (812)
n 1is a,

n 1s a,

cctcogecgcec
ccacccecteyg

ttccatcacc

ctacgagggc
gtgctgcatc
cctgaacctc
cctgatggag
atgatggcgc
tcaccttcga

tgtccatgga

acggtaccgy

ccaacgtaga

gcagctgctyg
cccacccttyg

acagcaccga

gccagggcaa

cggtcegtcac

acgtccagaa

actccatcac

tncaggacaa

tcatgtccat

tcgacggcgc

ccgcectgaggt

cttgtggctyg

ctgacgtggt

atcgacgcca

aacaagtggy

gacggcgctg

aagttcgtca

agcgacacca

ccagccocgcet

tgtcgacgtc

tgccgatggt

ctactgtgat

gaactggcag
ctccgagatyg
cnceccgtgatc
ccgctatgec

caagaccttc

ccagttcecte

cggcaaggtc

ccaggactgyg

gggcggceatg

ctgggacgac

cggcaagccy

cgaggcecygay

gcgceccogetgc
ccaagtgcac
actggcggtyg
atacttcgta
actactcgag
ccaagggcca
agtaccagag
gacgcgaatyg
tccaaccteg
ggcatgtcca
tctcagtgcec

agctcgacca

gacgtctggg

ggccagtcgc

ggcatctgcyg

tacggcaagyg

aagaactcgyg

atccceccaact

tgcgaccgcc

gtccagatgyg

cacgccgtcea

ggcdgccgagc

gcccccaact

tcagaacgcc

gtﬂtggﬂggﬂ

gactcaccgyg

ctgcagcgat

cacctatggce

gtactcgacc

taagttcctce

acacagtgtt

gctgcecggcect

agtactcggy

cccgegaccet

acgatgccaa

aggccaacaa

gctgcegaggy

accccgacygyg

gcatgacggt

ccggcegaget

ccgagtcecac

agaaggccgc

gcaaggccct

acatgctctyg

gcggtgectyg

ccaacgtcat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

40



US 8,916,363 B2
41

-continued

cttctccaac atccgctteg gccccatcegyg ctceccaccecgte tcecggectgc 1440

ccdacygygcygy

cagcggcaac cccaacccgce ccgtcagcectce gtceccaccceceg gtceccectect cgtecaccac 1500

atcctceggt tectecggec cgactggegyg cacgggtgte gctaagcact atgagcaatg 1560

gggttcactg gccecctacccea ccctacactt gcaccaagcet 1620

cggaggaatc gtgcgagagc

tactcgcagt gcctgtaa 1648

gaatgactgg

<210>
<211>
<212 >
<213>
<220>
<221>
<222 >
<223 >

SEQ ID NO 6

LENGTH: 526

TYPE: PRT

ORGANISM: Chrysosporium lucknowense
FEATURE:

NAME /KEY: misc feature

LOCATION: (249)..(249)

OTHER INFOEMATION: Xaa can be amino acid

<220>
<221>
<222 >
<223 >

<400>

FEATURE :
NAME /KEY: misc feature
(365) .. (365)
OTHER INFORMATION: Xaa can be

LOCATION:

SEQUENCE :

Met Tyr Ala Lys

1

Ala

Trp

Tle

Thr

65

Gly

Ser

Val

Met

Phe

145

Ala

Ser

Gln

AsSn

Gly

225

Ala

Glu

Tle

Gln

Ser

Thr

50

Agn

Pro

Thr

Thr

Glu

130

Thr

Leu

Gly

Trp
210

Ser

2la

Gly

Agsn
Lys
35

Tle

Ser

Lys
115

Ser

Phe

Agn

Pro
195

Gln

Phe

ASP

ASP
275

Ala
20

Gly

100

Gly

ASDP

ASP

Phe

Lys

180

ATJg

Ser

Thr

Ser
260

Pro

6

Thr

2la

Glu

Ala

85

Ile

Gln

Thr

Val

Vval

165

2la

Asp

Ser

Ser

Pro
245

Asp

Ala

Thr

Ser

Agn

Gly

70

Ser

Thr

ASpP

150

Ser

Gly

Leu

Thr

Glu

230

Hisg

Gly

Gly

Thr

Leu

Gly

Trp

55

Asn

Thr

Ser

Tvr

135

Val

Met

Ala

Asn
215

Met

Pro

Gly

Leu

Thr

Gly

40

ATrg

Ser

Thr

120

Gln

Ser

ASDP

Phe
200

ASP

ASDP

Thr

ASDP
280

Ala

Ala

25

Ser

Trp

Trp

Gly

105

AgSh

Met

Agn

Ala

Tyr

185

Ile

Ala

Val

Xaa

Tyr

265

Phe

any

any

2la
10

Glu

Thr

ASpP

Tle

90

Agn

Tle

Phe

Leu

ASp

170

Gly

Agn

Agn

Trp

Val

250

Ser

Agn

naturally occurring

naturally occurring

Leu

Agnhn

Thr

His

Thr

75

ASpP

Ser

Gly

Gln

Gly

155

Gly

Thr

Gly

Ala

Glu
235
ITle

Thr

Ser

Val

His

Ser

ATYg

60

Ser

Gly

Leu

Ser

Leu

140

Gly

Gly

Glu

Gly
220
Ala

Gly

ASP

Ala

Pro

val

45

Thr

Ala

Asn

Arg

125

Leu

Gly

Met

Ala
205

Thr

AsSn

Gln

Arg

Arg
285

Gly
Ser
30

Gln

ASP

ASP

Leu

110

Thr

Gly

Leu

Ser

Cys

190

Agn

Gly

Agn

Ser

Tyr

270

Gln

2la

15

Leu

Gly

Ser

Ser

Tyr
o5

Agn

Agn

Lys

175

ASpP

Val

Met
Arg
255

ala

Gly

amino acid

Ala

Thr

Ser

b2la

ASpP

80

Ser

Phe

Leu

Glu

Gly

160

Ser

Glu

Ala
240

Gly

Agn



Thr

305

Ile

Ser

ASpP

Gly

Val

385

Ser

Ala

Pro

Ser

Pro

465

Gly

Gln

<210>
<211>
<«212>
<213>
<220>
«221>
222>
<«220>
«221>
<222>
«220>
<221>
<222>

Thr
290

Val

Thr

Arg

Gly

370

Met

Thr

Agn
Thr
450

Val

Ser

Thr

Phe

Val

ATrg

Tle

Gln

355

Met

Ser

Trp

Pro

Ser

435

Val

Ser

Ser

Gly

Cys
515

Thr

Phe

Pro

340

Val

Tle

Pro

Thr

420

Agn

Ser

Ser

Gly

Gly

500

Thr

FEATURE:
NAME /KEY :
LOCATION:
FEATURE:
NAME /KEY :
LOCATION:
FEATURE:
NAME /KEY :
LOCATION:

<400> SEQUENCE:

Gly

Gln

Tyr

325

Gly

2la

Gln

Trp

Ile

405

Thr

Vval

Gly

Ser

Pro

485

Ile

SEQ ID NO 7
LENGTH:
TYPE: DNA
ORGANISM:

43776

Phe

310

Val

Val

Ala

Met

ASpP

390

ASpP

Ser

Tle

Leu

Thr

470

Thr

Gly

Leu

43

Gly
295
Leu
Gln
Glu
Phe
Gly
375
Asp
Gly
Gly
Phe
Pro
455
Pro
Gly

Phe

Asn

Met

Agn

Gly

Gly

360

His

2la

Val

Ser

440

ASP

Val

Gly

Thr

ASDP
520

Thr

Agn

Gly

AgSh

345

ASP

Ala

Ala

Gly

Pro

425

ASn

Gly

Pro

Thr

Gly

505

Trp

Val

Ser

Lys

330

Sexr

Val

Leu

Val

Lys

410

Ala

Tle

Gly

Sexr

Gly

490

Pro

ASD

A2la

315

Val

Ile

Thr

Ala

Asnh

395

Pro

Glu

ATrg

Ser

Ser

475

Val

Thr

Ser

Chrysosporium lucknowense

CDS

(2509) .. (2950)

CD5S

(3061)..(3385)

CD5S

(3479)..(3896)

v

ctaccatacc

-continued

Thr

300

Gly

Ile

Thr

ASpP

Gly

380

Met

Gly

Val

Phe

Gly

460

Ser

Ala

Gln

Gln

Thr

Glu

Pro

Gln

Xaa

365

Pro

Leu

Ala

Glu

Gly

445

Asn

Thr

Cys
525

Lys

Leu

Agn

ASP

350

Gln

Met

Trp

Glu

Ala

430

Pro

Pro

Thr

His

Glu

510

Leu

Lys

Ser

Ser

335

Trp

ASpP

Val

Leu

Arg

415

Glu

Tle

Agn

Ser

Tyr

495

Ser

US 8,916,363 B2

Ile
Glu
320

Glu

Leu

ASp

400

Gly

Ala

Gly

Pro

Ser

480

Glu

Pro

ggatccacac

atacgagaac

gctttgcgag

gttgattaat

aaagctgtat

cgacttaagc

ctcgtatgtc

tctgttgagc

tcagagagca

acagacctga

tatagggaag

gatttcagga

accgaacgag

gagtgttaaa

ttaagccaca

ggatagtatg

ctgcccatat

gcgegtegga

tagcgaggaa

agacgagcca

gaatgaaaga

gaaggcggtt

tatctcaaga

ctacccaagt

ggctcgccaa

tgtgtgacat

ggtttcagca

tggaccaggt

atgaaaagtyg

ctacggagga

tgaatacatyg

gacatagggt

tgacctcaag

ggaacgcgcc

attgacgtga

ttcaaggctyg

ggggatcatt

cctaaagagc

tcaggcatag

tggtaaagta

tgccaggtca

ggatcgcoctt

gcgtacatta

aatggcttga

ctggccectce

tccaatttgce

tcaccctgat

60

120

180

240

300

360

420

480

44



cttgttcatc

tccattacta

gtgaggctcc

gcccgatcetyg

ggttgaacaa

cgtgtgagca

dacacadadadaa

gggacctcgg

acatctcacg

cgagtaccca

aattggacgyg

tgcgtgatcc

atgcactttyg

ttacccacca

ccacctecggy

tagtgtacga

ccegteggey

cccatcggat

aaaaactccg

ccettettey

CCLCctgctcce

gaccgttagce

cgaggagcaa

gacatcgagyg

gccaggaacc

cgagagttcc

gtaactaact

cattcgetgc

Ctﬂggﬂgﬂgg

cctatgttcec

tgcaggggca

CyCyygCcygCcC

gtatataaaa

gcaccacagc

gtg
Val

cag

tcg cgc
Ser Arg
20

tcg gec

tcc
Gln Ser

acg
Thr

gtg

agtccacaca

tctetttatyg

ctcaaggtac

agtcctccaa

gcagagaygdy

ggtttccgga

gaaccgaaac

ccagtcaagc

ttataggcga

ggcgtgecgg

cagacgaagt

cgtggccecctyg

cacgcggtgc

actgccgcett

ttagcgtaca

cagaccgtca

gcaccccggce

aaaagaagaa

gaaccaaata

caaacagadac

gcgaatgegt

cgctgatcga

ggggﬂtgﬂﬂﬂ

gtcgtgcatg

gttgttcggce

tggctceccgygc

tccaaatgaa

gatcggcact

ctcaagtctt

tgattgcgat

tcggcttege

aaggtgcgtc

gatggccatc

ctagctctaa

gcc acce
Ala Thr

act ccc

acg ctc

ctg gcg
Leu Ala

cag
Thr Pro Gln Lys
25

gat

45

cttttcagtt
tccttggtcea
caaagtagcc
ctccacggta
acacgtcttg
accatgacygg
ggaaacgcag
gttgccecctygy
cctcatcccce
ggcctttagc
ttcgtagagg
ggctgggaat
agataaataa
agcgccggga
cacgacggct
agtccaaatc
tatgcatcgc

gaaaaaaatg

tgtcgggcat
gctacagagy
ggtgaaccca
catggcgagc
tcccectgac
atggtggaaa
cccocccacatt
ccoccecgtceca
gccggatatyg
cgtccgtcag
cttcggaacyg
cctcecgatctce
ttcctagagce
tcggcegeact

gtctcctegt

cccagcettgt

tt¢
Phe
10

aag ccc
Pro

gcc agc

gcc
Ala Ala

cgc
Arg Gln Ala

dCC

cagcatgttyg

agactccaag

atcatcaccg

cgacgacagc

ctacgcgaat

cctggtecgy

gcacggcatc

ccgtcecagetce

ctteccogtett

cggggcedgdgaa

gtcatgatcyg

tgccggctaa

gctgtggttt

cctgagtcett

gcatgcgggy

tgggtgatgc

gaattgacaa

gaccttgagt

ggccggggtyg

gttttetggt

ccagcagceca

ttcccacctce

ggtcggaccc

gtagttgcag

ttctetetge

attcccectaac

aggygagygyay

ccccocgeagtc

tccagcoccga

cadagacddd

tccgggetgt

cacccatcgce

ctgcttggga

cgtgtgttgt

gcc acg

Thr

cag gcc

30

aac gtg

US 8,916,363 B2

-continued

attcctcatc

gaaccgatag

aggtctggga

acgtcacatt

cctggcactg

cttctcgaac

gacgaccgga

cctggcgacy

gtgcggtegt

tcagagtcaa

gcactgacga

taatctacgg

caaacactgg

gggagtgcgc

atgccgegtyg

ttgatgagat

cactctcagc

acgggcgtca

aacgaccgct

ttgtcaaaga

ttgttettyge

agacctggag

caatgacttc

tatgggaagt

catgtcaact

gggaccgcyy

attggatctg

catatcccecca

AgygCcygCcygCcycC

tcacctcgcc

gtgtggtcaa

ctttaccccce

agaaaggatc

catatcactt

gtgagcatcyg

atggcgccgt

gacgcaccac

gatggagacg

aaagaagtgg

ttgtcccacy

gggattcagc

tgctcegtgce

gatgcggcecg

cacccacccc

cttaatagat

cctccgtact

ggagcggceay

catggcttca

gacagcgagc

tctattgcga

gaaaccdadadada

actccceccgtt

gttcggaggt

atgcegtggceyg

cagacggttyg

cccaaacggyg

accccgggtt

gtgtgtcgtt

ggcatcgcct

gcaagccagc

aaggcaactg

cagcaccggc

tcgaggacdg

ggdggagaagy

ctccecececececa

Cctcgaccat

tgcccage atg aag ttc
Met Lys Phe

1
gcc ctc
Ala
15

CCcg gcg ggc tgc

gct gcg ccc
Leu Ala Ala

Pro

gcg

Ser Ala Gly Cys Ala

ttc cag

cag tac

35

acg

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2517

2565

2613

2661

46



47
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-contilnued
Ser Ala Val Thr Leu Asp Ala Ser Thr Asn Val Phe Gln Gln Tyr Thr
40 45 50
ctg cac ccc aac aac tte tac cgt gce gag gtce gag gct gcec gecce gag 2709
Leu His Pro Asn Asn Phe Tyr Arg Ala Glu Val Glu Ala Ala Ala Glu
55 60 65
gcce atc tcece gac teg geg ctg gcecce gag aag gcc cgce aag gtcec gcce gac 27757
Ala Tle Ser Asp Ser Ala Leu Ala Glu Lys Ala Arg Lys Val Ala Asp
70 75 80
gtc ggt acc ttce ctg tgg ctec gac acc atc gag aac att ggce cgg ctyg 2805
Val Gly Thr Phe Leu Trp Leu Asp Thr Ile Glu Asn Ile Gly Arg Leu
85 S50 o5
gag ccc gcg ctce gag gac gtg ccc tge gag aac atce gtg ggt cte gtc 2853
Glu Pro Ala Leu Glu Asp Val Pro Cys Glu Asn Ile Val Gly Leu Val
100 105 110 115
atc tac gac ctc ccg gge cgt gac tge gecg gcece aag gcce tece aac ggc 2901
Ile Tyr Asp Leu Pro Gly Arg Asp Cys Ala Ala Lys Ala Ser Asn Gly
120 125 130
gag ctc aag gtc ggc gag ctc gac agg tac aag acc gag tac atc gac a 2950
Glu Leu Lys Val Gly Glu Leu Asp Arg Tyr Lys Thr Glu Tyr Ile Asp
135 140 145
gtgagttaac cctttgtggce cceccttetttt cceccceccgagag agegtcectggt tgagtggggt 3010
tgtgagagag aaaatggggc gagcttaaag actgacgtgt tggctcecgcag ag atc 3065
Lys Ile
gce gag atc cte aag gcc cac tcece aac acg gcc tte gee cte gte atce 3113
Ala Glu Ile Leu Lys Ala His Ser Asn Thr Ala Phe Ala Leu Val Ile
150 155 160 165
gag ccc gac tcg ctcec ccc aac ctg gtc acc aat agce gac ctg cag acg 316l
Glu Pro Asp Ser Leu Pro Asn Leu Val Thr Asn Ser Asp Leu Gln Thr
170 175 180
tgc cag cag agc gct tcece ggce tac cgce gag ggt gtce gcecce tat gcecce ctce 3209
Cys Gln Gln Ser Ala Ser Gly Tyr Arg Glu Gly Val Ala Tyr Ala Leu
185 190 195
aag cag ctc aac ctc ccec aac gtg gtce atg tac atc gat gecc ggce cac 3257
Lys Gln Leu Asn Leu Pro Asn Val Val Met Tyr Ile Asp Ala Gly His
200 205 210
ggt ggc tgg ctc gge tgg gac gcec aac ctce aag ccc ggc gccec cag gag 3305
Gly Gly Trp Leu Gly Trp Asp Ala Asn Leu Lys Pro Gly Ala Gln Glu
215 220 225
ctc gcc agce gtc tac aag tct get ggt teg cce tecg caa gte cge ggt 3353
Leu Ala Ser Val Tyr Lys Ser Ala Gly Ser Pro Ser Gln Val Arg Gly
230 235 240 245
atc tcec acc aac gtg get ggt tgg aac gece tg Jgtaagacact ctatgtcccc 3405
Ile Ser Thr Asn Val Ala Gly Trp Asn Ala Trp
250 255
ctcgtcecggte aatggcgagce ggaatggcegt gaaatgcatg gtgctgacct ttgatctttt 3465
ccecectecta tag g gac cag gag ccc ggt gag ttce tcecg gac gcece tcecg gat 3515
Asp Gln Glu Pro Gly Glu Phe Ser Asp Ala Ser Asp
260 265
gcc cag tac aac aag tgc cag aac gag aag atc tac atc aac acc ttt 3563
Ala Gln Tyr Asn Lys Cys Gln Asn Glu Lys Ile Tyr Ile Asn Thr Phe
270 275 280
ggc gct gag ctc aag tct gec ggce atg ccc aac cac gccec atc atce gac 3611
Gly Ala Glu Leu Lys Ser Ala Gly Met Pro Asn His Ala Ile Ile Asp
285 290 295 300
act ggc cgc aac ggt gtce acc ggt ctce cgc gac gag tgg ggt gac tgg 3659
Thr Gly Arg Asn Gly Val Thr Gly Leu Arg Asp Glu Trp Gly Asp Trp
305 310 315
tgc aac gtc aac ggc gcce ggce ttce ggt gtg cge ccg act gecec aac act 3707
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g9
Gly

tcc
Ser

ggc
Gly

365

cag
Gln

Agn

gac
ASp

gac
ASp
350

aag
Lys

gcc
2la

Val

gagd
Glu
335

ggc
Gly

cCcC
Pro

tac
Tyr

Agn
320

ctc
Leu

accgc
Thr

gac
ASP

Ctce
Phe

Gly

gcc
2la

agc
Ser

gcc
Ala

gay
Glu
285

Ala

gac
ASpP

gac
ASP

Ctce
Phe
270

atg
Met

49

Gly

gcc
Ala

tcg
Ser
355

aag

ctce
Leu

Phe

CCc¢
Phe
340

tcyg
Ser

cCcC
Pro

ctce
Leu

Gly
325

gtg
Val

gcd
Ala

agc
Ser

aag
Lys

Val

tgg
Trp

gcd
Ala

cCocC
Pro

aac
Agn
390

Arg

gtc
Val

cgc
Arg

gagy
Glu
375

gcc
Ala

-continued

Pro

aag

tac
Tyr
360

gcc
Ala

aac
ASn

Thr

CCC
Pro
345

gac
Asp

ggt
Gly

cCcyg
Pro

Ala
330

ggt
Gly

agc
Ser

acg
Thr

tcc
Ser

Agn

ggc
Gly

|l e
Phe

tgg
Trp

(ol e
Phe
3905

US 8,916,363 B2

Thr

gay
Glu

tgc
Cys

aac
Agn
380

taagctcctc

ctgctcecectgc

ddacadaddadaca

tcccttcectag

cteggtettt

gagtagaacc

gagactctgg

tagtggctgc

<210>
<211>

SEQ I
LENGT

gacggcttct

tgctgctgcet

gaaacaagcg

tgtagtagtt

ttgcgagtty

acagcgtgtt

aattgcagtc

agcttacaaa

D NO 8
H: 395

tgctgtcagt

ccgcggyygay

aggcgeggtyg

tgatagtcgt

ttgcgactcy

ggggtagcag

agcctgegtc

cgcgagcatyg

cgctctgacy

gggagdgcaac

caatggtcgt

acataagggg

tgattatggc

cttgctccegt

gcccecctetag

gtgaacatct

gtggtgtget

gaaaatgaag

gcgttcogtcet

Cttcagaacc

ctttgttget

aggacgtagg

gaaacgaagg

ccgagaaaag

ggtggtgccc
tcctgcttca
CCCttcatgt
gtctetetgt
cgttgcggca
gaaacaacct
ggagaaccag

ggagggatcc

<212 >
<213>

<400>

TYPE:
ORGANISM:

PRT

SEQUENCE :

Met Lys Phe Val

1

Ala

Gly

Gln

Ala

65

Val

Gly

Gly

Ser

145

Phe

Ser

2la

Tvyr

50

2la

Ala

ATrg

Leu

Agn

130

Tle

ala

ASp

Pro

Ala

35

Thr

Glu

ASP

Leu

Val

115

Gly

ASP

Leu

Leu

Ser

20

Ser

Leu

Ala

Val

Glu

100

Ile

Glu

Val

Gln
180

Chrysosporium lucknowense

8

Gln

Arg

Ala

His

Ile

Gly

85

Pro

Leu

Tle

Ile
165

Thr

Ser

Thr

Val

Pro

Ser

70

Thr

Ala

ASP

Ala
150

Glu

bAla

Thr

Thr

ASn

55

Asp

Phe

Leu

Leu

Val
135

Glu

Pro

Gln

Thr

Pro

Leu

40

Agn

Ser

Leu

Glu

Pro

120

Gly

Tle

ASP

Gln

Leu

Gln

25

ASP

Phe

Ala

Trp

ASDP

105

Gly

Glu

Leu

Ser

Ser
185

2la
10

Ala

Leu
Leu
S0

Val

Arg

Leu

Leu
170

2la

Phe

Pro

Ser

ATrg

Ala

75

ASpP

Pro

ASDP

ASp

Ala

155

Pro

Ser

Ala

ATYg

Thr

Ala

60

Glu

Thr

ATYg
140
His

AsSn

Gly

Ala

Gln

Agh

45

Glu

ITle

Glu

Ala
125

Ser

Leu

Thr

Ala

30

Val

Val

Ala

Glu

Agn

110

Ala

Agn

Val

ATrg
150

2la

15

Ser

Phe

Glu

Arg

AgSh

55

Tle

Thr

Thr

Thr

175

Glu

Leu

b2la

Gln

Ala

Lys

80

ITle

Val

Ala

Glu

b2la

160

Agn

Gly

3755

3803

3851

3896

3956

4016

4076

4136

4196

4256

4316

4376
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Val

ITle

Pro

225

Ser

ASDP

Gly

305

Gly

Ala

Ser

Ala

Glu
285

<210>
<211>
<212 >
<213>

<400>

2la

ASpP

210

Gly

Gln

Gln

Ser
290

Val

2la

ASp

ASp

Phe

370

Met

Tyr

195

Ala

Ala

Val

Glu

Gln

275

Ala

Thr

Gly

Ala

Ser

355

Leu

Ala

Gly

Gln

ATg

Pro

260

Agn

Gly

Gly

Phe

Phe

340

Ser

Pro

Leu

SEQUENCE :

Leu

His

Glu

Gly

245

Gly

Glu

Met

Leu

Gly

325

Val

2la

Ser

SEQ ID NO 9
LENGTH :

TYPE: DNA
ORGANISM: Chrysosporium lucknowense

5777

5

Gly
Leu
230

ITle

Glu

Pro

ATrg

310

Val

Trp

Ala

Pro

AsSh
290

51

Gln
Gly
215
Ala
Ser
Phe
Tle
Asn
295
Asp
Arg
Val
Arg
Glu

375

Ala

Leu
200

Trp

Ser

Thr

Ser

Tyr

280

His

Glu

Pro

Tyr
360

2la

Agh

Agn

Leu

Val

Agn

ASP

265

Tle

Ala

Trp

Thr

Pro

345

ASDP

Gly

Pro

Leu

Gly

Val

250

ala

Agn

Ile

Gly

2la

330

Gly

Ser

Thr

Sexr

Pro

Trp

Liys

235

Ala

Ser

Thr

Ile

ASp

315

Agn

Gly

Phe

Trp

Phe
3905

-continued

AsSn

ASpP

220

Ser

Gly

ASDP

Phe

ASP

300

Trp

Thr

Glu

Asn
280

Val
205

Ala

Ala

Trp

Ala

Gly

285

Thr

Gly

Ser

Gly
365

Gln

Val

Agn

Gly

Agn

Gln

270

Ala

Gly

Agn

ASP

ASP

350

Ala

Met

Leu

Ser

2la

255

Glu

Arg

Val

Glu

335

Gly

Pro

US 8,916,363 B2

Pro

240

Trp

Agn

Leu

Agn

Agn

320

Leu

Thr

ASp

Phe

tgctgctcety

ctctggatcy

agttgacccy

tacgatctgc

ctcacgggta

tgctagcgca

cgtttatcta

ctgcttggca

taaagtattc

gtcattgact

ttcatgccaa

tgttttgatt

aacggccagt

gcacgttcgce

tgacataagc

agacatattt

atgtgctgat

gagcagacga
CCLLttatcac

acagtaggtt
ccttatcctt

aaagtaccta

gtaaattttg

attgacaacc

gagattgacc

Ctcctttcaa

cagatggttc

tcgcacggga

gatcgttgat

aaaggcagca

atatcaatac

gtgtgggtat

gcacagcttc

tcagcgggca

gcccaagcetyg

tgactgctga

gcctgtaacc

catagtacta

gctttttgaa

ctggctgtgc

tttctgetet

gttgccttet

tatcggaaca

agtgttctta

cgcttttgga

cgatagacga

tcacctgaac

attatcccaa

ccectegegat

caatggccag

gacatgcaca

tcttegettt

ccgcegttatyg

tgtaataagyg

actcaattgc

ctagaggtag

aattatatta

cgtttatgta

atgtttgact

ccaaagctaa

ggagttgcga

ccetecgtygy

tcatcggccy

ccecgtacctt

tgccggcagyg
cttgccagcg
ggcttggcett
cctgtgegec
tcaaacttga
taggtacata

tcctectectce

catcgacgat

attatccgca

tgtacaatgyg

ttctggtcgce

gtcgactcgt

tggagcgaga

cgccattegy

atgcctcgcea

tgtcgcecgtcea

atctccaacc
Ctcaactcca

ctegtgttec

ctccecceectcec

gtttgaccaa

catcagtagg

gcctccacct

caatcaaatc

caatgctgta

gcggtcatgce

ccecgtcogaac

ggagcttcgt

ccggcectacga

gagatgcaca

ggtagttaca

tttcoggtatg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

560
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tgctgatgcec

gtgcagcatg

agaaaagccyg

ccagcaaatyg

aagtttaaat

CCCtgttttt

cegttttett

agcaatcatg

ccgtcctaaa

tttccaggat

ttccggacca

cgatggtcca

ggcccggedy

tttttcettygg

ccaacatgga

accccacaad

accgaagggc

tcttgagaty

gaagcgagcc

acagcactcce

tcgccacgygy

aaggatcgac

agtgcgtgcec

ccaccagcCcac

tcggcagcaa

agcacttcat

tatagcaggc

adaccqdgyadg

caacatcttc

cttcgacgayg

caagtacgcc

cacgaacgcyg

cgtcatcttce

caaccaggcc

cgagggcaac

cctgacggac

ctcgggcacc

cacccagtygy

caacgccgtc

ggtﬂtggﬂtg

tacttaggga

gccttatgtt

cttcttecgag

tcaacaaccc

gacggcccga

ccaaggttgt

ttgcaaaagg

gtgtaggttt

tcgttgaaac

gaaaggtcgg

tcgacccacy

gccecgttcecce

tgtctggcect

ccgatacggy

acttcgggat

aatcgaggcy

ctcgctaacc

acacttcttt

gattccgaag

ttctegactt

cgcegtggcet

cgactgtgtyg

tggcgcggcey

cgcccecctecy

cgagtcgggc

cttcecegteyg

aggagygyagc

gcactgaccyg

cggatcgact

ggctacctcce

gtcctggacc

ttcecggacct

gacaccaacd

gccatcgacy

gcgtggagceg

ccgcagaaca

cacgccgagt

ctcecgegeca

tgccagcagy

ggtgccctcet

53

gcaaagacgc
ctccecgggtce
ttgtgtctac
acccacggcg
gtcccagccy
ctcgtcaact
gcatgcatgy
tgtgcggtat
gctaggccca
aacatgtcca
aaaacagtgc
gcccgatgcec
attagtacga
aatctcggtg
gccgcteogy
taacccggaa
gggttcctgg
tcagcgaggg
gactcgaccc
gaaacgcccyg
caaagtggtc
tcgggttacc
tcgacaacgc
tcgtccacca
gccgagttcg
acttcggcga
aggagaagaa
ttgattcctt
tctcgatgga
gcaacctgac
cgcacaacta
tctggaccaa

acgagtacaa

gcatccgggc
gggcctggag
agatcgtgta
gcgtcagcag
acggcaagct

ccgtcaccgy

ggtgggccgce

ctctceccectcac

ttgcttgegc

ccgaacataa

ttccagaacc

agattcccat

ggcgcatctyg

atgtatatta

ggagctaata

ggaggacctg

tccgeggceca

ggttgctggc

cacttgcagc

ttttggatac

gtcccaactc

gcacagtcaa

ttagggacac

agccgcatgc

atggtcgggc

cctctcetcgc

agatgaagtc

cgtggcagca

actgcgtcta

tccagacatc

cctecgectag

ggdagggcad

ttcaggtacy

gggaggyggca
tgtgtaatag

gcgtetggtyg

cgaggtggtc

cggccggtac

cctggcecaayg

cacgatggac

CgCcCgyCcyCcd

ctggaacacyg

cgagatgcac

caacatcggc

cggegtectce

cctcecectcgac

cggtccoctgy

US 8,916,363 B2

-continued

ctgcgggtta

gaatgaacaa

gaggttattyg

ttcgaaatat

attggccgat

cctacaacga

tttatgcctyg

atattgaacy

ctcgacttygg

gcctgaacac

acagtcagca

gcaactctcc

cggcttggtce

cacctgggca

gcgctttaaa

ctggacggcg

gcggctgecc

agggaaatga

cctgtgtecyg

ctccatcecctce

atgtggtggce

ccagaatgat

taccacgtcc

caagggcaag

ctaccceccggce

ggccaataat

ggtggccaac

acgctcatca

cccaaccagt

aacttcgtga

tacggcaacg

cagttcgect

cagaccctgy

acctcgcagt

accaacacca

cagtacctcg

gcccagogcey

ggcgagttcg

cacctccagyg

tggggcgact

Cttacttact

aaacgcccga

tcgcagaccyg

catctagttt

accagcgttce

gatataatta

cagaacgaga

gatctctggt

cgaacggaga

ttttgctegt

ctcacgatgyg

ttcattcggce

gecgecgeyy

cgctetggtyg

atacgacttt

caacccctygyg

gcttgcacgc

tgtattataa

ccagctaatt

gccagcogtet

atcggatggce

tggtacagcc

aggcccaccyg

ctcaagtggc

ctctggggaa

aatatattat

aatcggaaga

atgatggata

tgacgtcgtce

cgaacqdcddy

tcatcacgga

ccaactcgct

tCgctcaacct

acatcttcgt

acatggccgc

actcggacag

tcgtcecggagce

CCygCcygyCcycC

acaacagcga

acatgtactc

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360
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gttcggtaag

cccaagaccyg

tccaaccctg

agtgaggtgyg

caacagcctc

taacgcgtcet

actcgatcct

tcagggccat

tgctccecgaga

ggttaccgcc

catattggtt

gagcgattcg

aatcaaccag

tggctttect

gtatactatg

attatcctaa

tagaaaggga

acggtaggtg

aggaaagaag

cgatgagatyg

gcaadddddaad

gagggactgc

tgtgcttegt

acgtgaaaag

catggtgtct

accgttgceca

ggcggtcgga

ccattgtttt

ctgtgcttcec

ggtggagcag

ggcatgcgtt

caggaggctc

gagagggggt
ttaccttact

cgtcacactc

tgttacccca

cggttgatta

aaaaaggacc

tatgtttccc

CCLLctccectt

gctcggcette

ttegtgtect

aggtcaaaag

tggggtcaaa

CECLCCLLLLg

aaagaagtac

ctgcttgtgt

tgccatacac

dacadadaadc

ctttgctttc

tttccaagta

ctcggtgtgce

ctcecggtgty

gtatacacta

gggtcaccgg

tgtactccgt

gtcccecgecta

9999999999

agacggacgc
tccataccat

tggaaaggtt

taacagatag

aagctcctcc

gctcttette

ggtcttgcca

aggggatcgg
gtgtcgcatt
agcctaatct

caaccagcca

tgggcggtaa

gtgctcggtce

tctattgcca

gtacctgagc

cattggcagy

gaattacccc

cttctegygcec

tgacttgcgy

gccatcccca

3

gttcttgget
gcttcaaggc

ccgatcaget

gagggatatc

atgggcgcca

tttccagagce
ttgccgtaag
cggcaggcat
taagtctggt
acccggacgc
ttacgggggy
tatactttgt
tcacctcececceg
gagcacggcc
gcttgggaat
ctcaccgttyg
attgtactgt
gtccggacca
ttgccaagac
cggcccaagg
aatccagtca
ttgcaggtta
agttccagtt
gggggagctt
aaatttttat
tccggcaaaa
atgctcattg
cgtcttcecgga
gagcgggagc
attcactccc
ctactccgta
aggggygagaac
acgttgcacyg
ttgaacgtcg

tcaaggcagt

gggctgcaac

cgcaaccgygy

ggaacgcact

gtccgeccgt

tCtccececcag

gttcegttgta

tcgacggggt

cccagatctc

accatacggt

ctcctteggy

gggcatgcag

cacgtcaacc

gatgacgtga

tgccgogecc

99999999499

ctggaattga

ttacccceccecece

acggcggtcec

aaactaatcc

gatataacac

acaatacaaa

acaatagaac

gcceggggtt
agaggccggt
actttcgtca
atcactgtat
gaacacacaa
taggcaactyg
gctgccaccce
agcagaaaag
cggcttageyg
tgtcggatca
tggctcoggtt

ccgcattttc

ctggggtagyg

aaagtccaac

aaaggagcag

cgtagcattyg

cagtggcagc

actgcagggg

agatgagaag

gccggcagtg

cgcgtocgtyg

US 8,916,363 B2

-continued

taagggagtc

cacactgaag

gaagggggaa

cacaaacggc

cattcactca

caccggctat

caaggtcgag

catcgaatcg

gaatgctggc

ggataccatyg

gggggctcetyg

attttgagtg

CCcttctceccecece

caatccatat

atacgctaac

ctaggatacg

gtacagatag

atgcgttcect

caaagaaagc

ggtcgatcct

cactcctgtyg

gtggagcatg

agttctgccc

ggagggctct

catttgacag

tcgacccatc

tctgcceccatt

agagtcccgyg

tcgagtggag

gcggocgcocc

tgaaattggt

tgctccettec

ccacaaaacc

gagctctcgt

gacccaacdad

ccgocgcecga

cagaactttyg

gagtggatgce

aggctcagtt

aggcaacatyg

agttccaact

gggatttggg

cctgagccaa

ggacacctgc

gtcaactaca

cgagcattat

gacagcggaa

Cﬂtggtﬂggg

gtttcatgta

cagcgttget

acattgaccc

ctgctcgget

aagatcgatg

taatggacgg

ggagagctga

cacacgaagt

ggggacctgc

ccogggecgce

gcaaatgcca

aaacgagctg

ccgtacctac

cgcctgecag

ctcccaggtt

aggtgtgcac

gcctaagaaa

ctgacgctgce

attttttccc

ttgccttgtt

aggcatcccc

tctececegteg

tggcaacaat

caaaagcagyg

ctaccggcgyg

cgtcaatgcet

tgttgatcac

CECtCCLLLC

acgctagtta

tggcttccecyg

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

56
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-continued

tgccgccgac aaacgagcgg tgcataatta catttcecgcectce catgtaccgt gcaccctcecc 5760

5777

cgttcgecgac cgtagta

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Chrysosporium lucknowense

PRT

<400> SEQUENCE:

Met Lys Ser Ser

1

Gln

Thr

Ser

Thr

65

Ser

Ala

Ile

ASh

Leu

145

Val

Agn

ATrg

Val

Val

225

Ala

Trp

Gln

Ser

Val
205

Leu

Thr

Ala

Ser

ASpP

Gln

50

Ser

Pro

Glu

Phe

Tle

130

Thr

Agn

Thr

Ile

210

Leu

Thr

Sexr

Agn

Gly

290

Val

Gly

Gly

Leu

Gly

Cys

35

Cys

ATrg

Ser

Phe

Pro

115

Phe

Ser

Phe

Gly

Phe

195

Phe

Agn

Ser

Trp

Lys

275

Thr

Gly

Glu

Leu

Trp

Pro
20
Val

Val

Pro

Gly

100

Ser

ATy

Ser

Val

ATrg

180

Trp

ASP

Leu

Gln

Agnh

260

Tle

His

Ala

Phe

Leu

340

Trp

389

10

Ile

5

Trp

Ser

Pro

Thr

Gly

85

Glu

Thr

ITle

Phe

Thr

165

Thr

Thr

Asn

Tyr

245

Thr

Vval

Ala

Thr

Ala

325

AsSp

Ala

Leu

Gln

Gly

Gly

Ala

70

Gly

Ser

ASP

ASpP

150

Asn

Agn

AsSn

Gln

230

Tle

Thr

Glu

Gln

310

Gly

His

Ala

Ala

Gln

bAla

55

Thr

Leu

Asn

Ala

Phe

135

Glu

Ala

Gly

Leu

Asn

215

bAla

Phe

Agnh

Glu

Cvs

295

Trp

Gly

Leu

Gly

Ser

His
40
Ala

Ser

Ile

120

Ser

Gly

Gly

Agn

Ala

200

Glu

Ala

Val

Thr

Met
280

Val

Leu

2la

Gln

Pro

Val

Gly

25

Ser

Thr

Trp

Pro

105

Gln

Met

Val
185

Tle

Glu

AgSh
265

His

Ser

Agn

ASP
345

Trp

Phe

10

Gly

Val

Thr

2la

Leu

50

Gly

Thr

Glu

Leu

Tyr

170

Tle

Gln

Agn

ASp

Gly

250

Met

Gln

Sexr

2la

2la

330

AgSh

Trp

Ala

ITle

Thr

Pro

75

Gly

Leu

Leu

Arg

ATrg

155

Ala

Thr

Phe

Thr

Gly

235

Agn

Ala

AgSn

Agnh

315

Val

Ser

Gly

Thr

Gly

Gln

Leu

60

Pro

Ser

Trp

Ile

Leu

140

ASn

Val

ASD

Ala

Met

220

Tle

Ala

Ala

Leu

Tle
200

Gly

Glu

ASpP

Gly

Trp

Asn

45

Gln

Ser

Asn

Gly

Asn

125

Val

Leu

Leu

Thr

Ser

205

Asp

Arg

Trp

Leu

Asp

285

Gly

Gln

Val

Ala

Gln

30

ASP

Thr

Ser

Glu

Lys

110

ASP

Pro

Thr

ASP

Agn

120

Agn

Gln

Ala

Ser

Thr

270

Ser

Ala

Leu

Gln

Trp

350

Met

Val

15

Gly

Trp

Ser

Thr

Ser

55

His

Gly

AgSh

Glu

Pro

175

2la

Ser

Thr

2la

Gly

255

ASpP

ASP

Gln

Gly

2la
335

Leu

Ala

Ser

Thr
Thr
80

Gly

Phe

Gln

Val

160

His

Phe

Leu

Leu

Gly

240

b2la

Pro

Ser

Val
220
Val

Gly

Ser



355

59

360
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365

Phe Glu Pro Pro Ser Gly Thr Gly Tyr Val Asn Tyr Asn Ser Ile Leu

370

Lys Lys Tyr Leu Pro

385

<210> SEQ ID NO 11

<211> LENGTH:
«212> TYPE:

6060
DNA

375

<213> ORGANISM: Chrysosporium lucknowense

<400> SEQUENCE: 11

ccggcectceca

tatgcggggt
aatgggagct
tctacactag
gaaggatgcyg
tcgecgggcey
ccgatccccea
actcgaagct
ctgcacaagt
taagtcgagt
cattccgcca
gaatggaagc
tggctgctcet
atagcatctt

tctggagcett

gggagcatgg
cgtcgactgy
cggcctcaga

tggatcagta

ctcgtggggc

tcacttataa

tccecgggega
tctgtgcagt

ttcectgecte

gacgggcttt

aaccctceccceca

cagattagcyg

cagcccaatyg

ttcaccagaa

acgccgacygyg

tgctagagaa

acatgcaaat

gttccaggag
gtgcgcegggy
gacatcattg
tggaagaggt
ggtgttttty
cgcagaacac
tcttcacatt
ccactacgta
gttgtgctte
tacctcaggc
agaggccggc
tccatccata
gtacggtaca
tccceccgecagt
ctcgacgaac
ctgcggatgc
tatgtacgga
ggaacctggc
actactgcga
tgcgaggcga
acacacgtca
tgatctctgc
gaacgctctc
ttcggcagta

cgtcaaagac

gtcctgcette

gcgacaccgt

gctgctcacy

gcccecctogeyg

ctgggcggag

ggtcaacttyg

ggttctgcta

cttggctctyg

aaatgttggyg

tgcgacccgt

aagtaattga

catgagcagyg

taccgaaacy

cccaccatcg

tggatacttyg

ctacgaagac

acgttcocgggc

gcctgecocty

gtcagctcca

tacatagtaa

gegceceggecy

agatcggccc

gacgcagcct

ctacagtaag

aggaccctac

agtaaccgtyg

gggagagcaa

CCygCcygCcCcydy

cggtgccatc

aaactgcaac

ccettgecegt

tcgcectececy

gagcacgatc

tgactgttgc

cttccegega

agatctgaac

gcctatgecce

accacgggag

acaataactt

ccgacatact

gaactcgagt

taaaccggaa

cgacaagcaa

aagctgtggc

caggggactg

tgttctgtta

ggaccgtacyg

gccaaccCac

aactcgggca

attaggcagc

ttggcggtcec

gttctcgect

ccetgggtec

gtttcttete

tcecttogegc

tacactacga

cccacacygada

gtcccocgggcea

acaagccagt

ggtgcgcgcc
aatcatctcg

gacgctgtcc

tgcaggcgcec

atcaacttcc

tcttcecgggcea

aatccgcaat

aagcctcact

CELELtaccc

aggccaagtc

tcgggtaagt

accgtagctyg

380

gtgtacacta

tgggtcatgt

gctacaacaa

gaagcattgc

tttttagtgce

cgtgcecctcetyg

acgaagccygyg

gagtgtgttyg

ataatacaca

acctgacgag

tcttggaaca

cagtgatctc

tgagagccca

cgctccacaa

cacaccaatc

tgtacaaaca

gtgcacatac

accacagcga

aaggatctga

ccteoccecgega

atgtgtcacc

gttcgeccgca

gacatgaagyg

attgaatcga

cCctttcatcc

gcaccCcCcacdc

cgacatgcaa

tgctgacaat

gtcgccatgy

ctttgtectec

Cttgtcattt

gggggctgag

ggaattctct
ggacaagacc
cattctggat
catgttctgc

tcotttgtge

gggtcgaatg
agcygygcgygga
gtacggatgc
aaagctgttyg
atttccecge
atactatgta
gatggctgga
attcgctgca
tgaccttgct

cgaaccagtc

gctccgggaa

tgacgaatac

gaaagcgcaa

gggccgatcg

acctggaaaa

tccaggctec

gctgettett

ctgctgeget

gaaaggtatg

AdacCcacCcCcCcC

cacatccact

cttccagecyg

catcgtcagyg

atgaatccca

caaatgactc

tgtccaggta

cagtgcgtcg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

60



gccaagtggg

tcggcatcecyg

cctgggatcyg

agggcatcaa

gtcgtaactg

cgatcaaggg
agcagggtga
gctgcagagc
accctctect
gatgccgtcc
tacgcctgcce
ggcttcgtca
ctcgatatgt
aatctcaccc
atgcgcatca
CCLctceccettcet

cagaagatta

gccgccaagg

ttcgtggcecy

gaccgcaggcet

ccgtaccteg

tacgagagcyg

aatgcaaccyg

ggtaacgagg

aacgtctcga

ctgaccgatt

caggagtcgy
tcgcccttcea
aataatggca

tacttcgaca

accaccttcg

acgacgggca

Catctcttcc

acgaccgacc

CtCCCgCCCC

tccececcecgygcey

aatacgggct

gaggatccca

aggcagttca

cgcgatcecct

aggagccgac

cggtctgatyg

tgtccttetce

ggaaggcttc

cattcaggat

gtagtcaaag

acttcagaca

ccaacattga

gggccggegt

agaactcgaa

tgagcgactyg

ccatgccgygg

tcgeegtect

tggccgecct

ggaccgacga

attcccacgt

gtacggtgct

tcatcggcga

gtaacgaagyg

tttcccccga

tcctgtccaa

ccatcgtcett

gcgaccgtaa

gctggtgcag

ggtacgacaa

gcaactccat

cttggggcaa
atggtgcgcc
aggttgacga
agtacagcaa

ccacggcecca

ccaaggacga

cccgygaggycC

acgccaccga

gcaaccgcca

ccgttgtagy

aggtgcagcet

ccggecegcect

61

cgccttggac
tacaactcag
taccgtcgceyg
ggaccagtcg
gctccggatce
gctggcgtca
acgggccgtc
ggtgccagaa
cgacaagacc
cggctetgtc
gctgctgaac
gcaggcacag
cgacacccag
caacggcaca
cttcaaggtc
cacttatggc
tgacgtccgc
gctgaagaat
ggatgctggyg
cacgctcgcec
cgccocgagcetc
ctacgccgag
cgtcaatgcc
gaacctgact
caacaccatc
ccccaacatc
caccgacgtyg
gacccgcgaa
ccaacaggac
tgactcggtc
catccgegtc

ggcccocgacy

gttccectac
ctcggcecgat
tgacgacccc
gctgtacgac
cgaggaggta
gcgcgacttt

gacgcgcaga

ttcgcagtcet

CgttCCCCtC

gctacgcaat

ccggecoccect

ccgtccttac

tcgcecttgtgc

tcggacccgc

gcccagggat

atgcacgagc

atgtgctcgt

gacctcctca

cacactggcy

Ctcaacactg

gtccctgect

accaagaccda

ccgatccact

gccgaccacy

accggctcetc

tcgagcoccca

atgggctggyg

cagyCcccygdy

gaaaagacaa

gactcaggcyg

ctctggaaca

gtcgtcatcce

acggccattce

ctttacggca

agctatggcy

ttcaccgagy

atctacgagt

gtcaagtcca

tttggcaact

atctaccagt

ccccactacg

cagccgctec

attgtctaca

ccgcecagetcet

gacaggatgc

gatctgagca

US 8,916,363 B2
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gtgcatgcat

tggccagacc

ggdccaggag

tggccgcatg

cggcatcggce

gaagcacttt

ggcttcaagc

acggttacaa

tctacctttg

accagcaggt

agaacgagct

cagcaagcgc

gcgtcagttt

accgtcectega

cccacctgga

gggccgccaa

gcaacctcat

tacccctgaa

acgggcccaa

gatccggcac

ccatccagga

aggctctggt

agggctacat

acggtgatac

actcggtcgyg

cCctgggctgyg

aggtcaaccc
cggacgtcect

gcgtcttcat

tcggccacygyg

acgtcagcga

tctccaccga

acatctaccc

gccagaccgc

tccggtectce

caatcacggc

acgtcteget

ggatcgaacc

actgggacgt

Jgactcccctce

gttgctgcta

gccaaaggca

ccCcdaygyycy

atgtccgaga

attggaaacg

tgctgactct

catcagcgaa

gccecgtttgec

caacaactcg

tgggtttcag

cgtggetggt

Cctggggcgcc

cgacatggcc

acccatcaac

gcatggctac

ccgggagatt

caagccaaag

cggctgcagce
agccaactat
cggcacygayy
ctcgcaggcec
caacgtggac
tctggtcaag
cceggtectce
tctteegggce
cgccocgoccgce
gtacaagccyg
cgactaccgc
cctgagctac
gtaccggccc

cctcgaggac

gtacctcaac

cgaggagttce

gggcyggaaac

cgacatcacg

gggcggtccce

cggcgagacyg

cacggtgcag

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

62



gactgggtca

gatctcaaga

cgttcttaat

aggcacttat

ttagtatata

gtgatgactg

ttgtctacaa

gcaaatggta

Cttccattca

tggcgcgatc

cctececcecggac

gccacattag

caacagtgga

gtggaactag

gaaaaagaag

aaagcataca

agcgtcacct

aggttagcag

attcaagtayg

ctaagtatga

taacaaaacg

ccecgataagy

ccacgaaccda

tgtgttagat

agttetgttc

gctgtggttce

ccteceggtt

gtatgggata

gctctcagag

cctgggagaa

tcagcaggta

ttgagcttcc

cagaagtatyg

taagtgtagyg

atgatttaat

ctacaacact

CLtctaatac

cgattgaggt

cgagatgcct

aaaacatggc

gcattaaggt

gceagcegecdy

agacaaagta

ggtgctaata

gaggagtgag

cattggagtc

gtaggattcg

ggcagcgcgt

cttataggag

gttgattata

cacctttggt

tgtcaaattc

gttttagtat

cagaatcgat

aaaaagaagt

ccdagcyddygda

tcgcatctaa

tgcccggcat

ctatctaagc

taaaccgggc

<210> SEQ ID NO 12

<211> LENGTH:
«212> TYPERE:

871
PRT

63

tcccaagacyg
ttgaatgagt
atggagaaaa
gcggtgttcet
aattatgttt
ggttctgtcet
cttatggatg
attattcatt
cgcttttegg
gagcagctgt
cagaagatag
ttgcaccacc
ctgaagatca
tttctcettga
cggagaagga
ggtcagtcgy
aacctacgct
taaccactcc
ttcaaccaga
agcaaccgaa
tactttctga
taaatgactg
ccgcatgett
gtgacgctgt
gtgtggccgy
gccggttetce
tttctgactt
ttcgtaaatg
ttaaccaacc

tccaagatcy

gcatatgttyg

ttcatcaggy

gcacttggca

atgtttaata

agcagttgct

tctagtcgcec

attgcccagce

gtaagtacct

tgctttcgga

ccaggacgga

acacgtttta

gccgtcacgyg

ggtattaata

ttteggtgtc

ggagygygggad

ttgattggtt

cccgaaggaa

gccaaagtga

tcacaaatgc

tggctctcayg

ctataaaaat

tCtgggtgtg

cagtctctgc

gaccgcgagy

gtttgggcgc

cgttttggtt

cgttcgggac

tccatagtcet

cctgatcectt

aaatcgaaat

<213> ORGANISM: Chrysosporium lucknowense

<400> SEQUENCE: 12

Met Gln Leu Pro Ala 2Ala 2la Gln

1 5

Ala Ser Leu Ala Asp Asn His Arg

20

Arg Ser Glu Pro Phe Tvr

35

Ser
40

Pro

Gly Trp Ala Glu Ala Tyr Ala Gln

50

55
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-continued

gygaggagcag
gctgcagagyg
agttccggtyg
ggtgctatgt
aatgtcgtaa
attgttaatt
tggtttcaaa
ccgtacagey
acagggctgyg
ggacaggttg
cacagcgttyg
gcaacggttc
gtgtgagaga
catggtagta
gccagaaaaa
tggtagagag
ctgcctaaga
ctgtcgttga
ataggtgctc
cggcaacacc
gggatatttyg
aagatgttac
gcctcgacag
ctctcecgagec
ccttatagec
ccgataaagt
ctctggagac
ctttcgggac

aaccctcececca

cagtgcgcga

Trp Leu Leu
10

Gln Val His
25

Pro Trp Met

Ala Lys Ser

Thr Leu

Gln

Pro
45

AsSn

Phe Val
60

Pro

Pro

30

Agn

Ser

ccggaagttyg
gatggtaaca
agcaaaaaga
ttacatataa
atttcggcgt
atgaaggtta
ctcgttacgce
tccceccaacta
cagcggatca
gggactgatg
agaccgacaa
aatcaatcga
gaaacagacyg
cagaacacaa
agaacatgaa
cgaaaaagca
acgctaagca
tcatggtcga
gtagaacggt
gtagctgaag
gaaatgacca
tgtggttcca
gcggagggtyg
taggtgcggt
taccatcctyg

gtcatatctyg

gtagggatag
gaggceggceaa
gaccacacct

acttgaaatc

2la
15
Leu Ala

Ala Asp

Gln Met

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

64



Thr

65

Glu

Ser

ASh

Gly

Lys

145

Met

Leu

Gly

Phe

Thr

225

Trp

Ser

Leu

Ser

Leu

305

Phe

Ala

Thr

Gln
385

ITle

Ser

Ala

AsSn

Pro
465

Leu

Gln

Leu

Sexr

Leu

130

Gly

Pro

Thr

Val

ATrg

210

Leu

Pro

Asn
ASp
290

ASpP

Trp

Val

ASp
370

ATy

Leu

Gly

Glu
450

Leu

Ala

115

Met

Ile

Glu

Gly

Ile

195

Gln

Ser

Phe

Gln

ASP

275

Trp

Met

Gly

Thr
355
ASP

Tle

Glu

Pro

Ser

435

Gly

Leu

Glu

Val

Met

100

Phe

Agn

Gly

Ile

180

Ala

Val

Ser

Ala

Gln

260

Leu

Gln

Ser

Ala

Leu

340

Thr

Agn

Ile

Leu

420

Ser

Thr

Val

Gly

85

His

Pro

Arg

Val

Gly

165

Gly

Pro

Asn

AsSp

245

Val

Leu

2la

Met

Agh

325

AsSp

Thr

Ser

Ala

405

Asn

Pro

Leu

Ser

Val

70

Gln

ASP

Ser

ATrg

Leu

150

ATrg

Met

Ala

Glu

ITle

230

Ala

Agn

Gln

Pro

310

Leu

ASpP

Thr

Gly

His

390

Ala

Agn

Ala

Pro
4770

65

Asn
Val
Ser
Gly
Gly
135
Leu

Asn

Ser

Ala
215
Asp
Val
Asn
Asn
Hisg
295
Gly
Thr
Met
His
Pro

375

Val

Pro

Gly

Met
455

Asp

Leu

Gly

Pro

Gln
120

Gly

Trp

Glu

Hig

200

Gln

ASP

Arg

Ser

Glu

280

Thr

ASP

Leu

2la

Leu

360

Tle

ASP

Gly

Pro
440

Gly

Ala

Thr

Ala

Leu

105

Thr

Ala

Pro

Glu

Thr

185

Phe

Gly

Ala

Tyr

265

Leu

Gly

Thr

Ala

Met

345

Glu

His

Val

Thr

Phe

425

Agn

Trp

Ala

Thr

Tle

50

Gly

Val

Met

Val

Gly

170

Ile

Ile

Thr

Gly

250

2la

Gly

2la

Gln

Val

330

Pro

Trp

Arg

Val

410

Val

Gly

Gly

Leu

Gly

75

Pro

Ile

Ala

Gly

Ala

155

Phe

Gly

Gly

Met

235

Val

Phe

Ala

Phe

315

Leu

ITle

Ile

Ala

Ala

395

Leu

Ala

Ser

Gln
475

-continued

Val

ATYg

AY(

Ala

Gln

140

Gly

Ala

Gly

AsSn

Tvr

220

Hig

Gly

Gln

Gln

Ser

300

AsSn

Agnh

Met

Asn

Ala

380

ASpP

Leu

Val

Ser

Gly
460

Ala

Gly

Leu

Gly

Thr

125

Glu

Pro

Pro

Ile

Glu

205

ASn

Glu

Ser

AsSn

Gly

285

Ala

Thr

Gly

Ala

Phe

365

His

Tle
Asp
445

Thr

Arg

Trp

Gly

2la

110

Trp

Ala

Leu

ASP

Gln

120

Gln

Tle

Leu

Val

Ser

270

Phe

Val

Gly

Thr

Ala

350

Ser

His

Gly

Agn

Gly
430
ATrg

Ala

Ala

Gly
Leu
o5

ASP

ASpP

Gly

Pro

175

ASP

Glu

Ser

Met

255

Val

2la

Val

Val

335

Leu

Phe

Gly

Agn

Thr

415

Glu

Gly

Agn

Tle

US 8,916,363 B2

Ala
80

Gly

ATrg

160

Val

2la

Hig

Glu

Leu

240

Leu

Met

Gly

Ser

320

Pro

Phe

Trp

Leu
400

Gly

ASp

Gln
480

06



ASp

Thr

Agn

ASP

AsSn

545

Gly

ITle

ASp

Trp

Asn

625

Tle

Glu

ATrg

Thr

Tyr

705

Pro

ASP

Agn

Asn
785

Leu

Met

ATrg

Ser

ASP
865

Gly

2la

Arg

530

Val

Pro

Leu

Val

Gly

610

Agn

ASp

Phe

Val

2la

690

Leu

Gly

Pro

Arg

770

Thr

Gly

ATrg

Arg

ATrg
850

Leu

Thr

Ala

ASP

515

Ser

Val

Trp

Leu
505

Gly

Val

675

Gln

Phe

Leu

Gln

Gln

755

Gln

Gly

Gly

Tle

ASP
835

ATg

Leu

500

Ser

Agn

Ser

Leu

Ala

580

Thr

Agn

ATrg

His

660

Ala

Pro

Agn

Thr

740

Pro

Leu

Ser

Pro

Glu
820

Leu

Pro

Ile

Tvr

485

Val

Gly

Leu

Trp

Leu

565

Gly

Gly

Gly

Tyr

645

Gly

Ser

Pro

Thr
725
2la

Leu

Val

Glu
805

Pro

Ser

Glu

<210> SEQ ID NO 13

<211> LENGTH:
«212> TYPE: DNA

595

Glu

Ser

Glu

Thr

Cvs

550

Thr

Leu

Glu

Ala

630

Phe

Leu

ASh

Thr

ASpP

710

Thr

Glu

Leu

ASpP

Val

790

ASP

Gly

ASh

Thr

Leu
870

67

Ser

Gln

Gly

Leu

535

Ser

AsSp

Pro

Val

Ser

615

Pro

Asp

Ser

Val

Phe

695

Glu

Asp

Glu

Arg

Tle

775

Gly

Pro

Glu

Trp

Ala
855

Pro

Val

2la

Tyr

520

Trp

Agn

Trp

Gly

Agn

600

Gln

Ser

680

Gly

Phe

Pro

Phe

Ser

760

Val

Glu

Thr

ASpP
840

Leu

Agn

505

Tle

Agn

Thr

Gln

585

Pro

Gly

Gln

Val

Thr

665

Glu

ASn

Pro

Arg

Leu

745

Ser

Glu

Val

ATrg
825

Val

Val

Ser

490

2la

Agn

Agn

Ile

ASp

570

Glu

2la

2la

ASp

ASp

650

Thr

Phe

Arg

730

Pro

Gly

Thr

Val

Gln

810

Gln

Thr

Gly

Agn

Thr

Val

Gly

Val

555

Agnh

Ser

Ala

ASpP

Phe

635

ASp

Phe

Arg

Ser

Ile

715

Ala

Pro

Gly

Tle

Pro

795

Leu

Phe

Val

ATrg

-continued

Tyr Ala Glu Glu

Ala

ASD

ASDP

540

Val

Pro

Gly

ATYg

Val

620

Thr

ASD

Glu

Pro

Thr

700

Ser

Hig

AsSn

Thr

780

Gln

ATrg

Thr

Gln

Ser
860

Ile

Gly

525

Thr

Ile

ASn

Asn

Ser

605

Leu

Glu

Ser

Thr
685

Asp

Gln

Ala

Ala

Ser

765

Ala

Leu

Asp

Gly

Asp
845

Ser

Val

510

Agn

Leu

Hig

Tle

Ser

590

Pro

Gly

Val

Ser

670

Thr

Leu

ASP
Thr
750

Pro

ASP

Phe

ATrg
830

Trp

ATrg

495

Phe

Glu

Val

Ser

Thr

575

Ile

Phe

Val

Tle

655

Agn

Gly

Glu

Ile

Pro

735

ASpP

Gly

Tle

Val

ASpP

815

Leu

Val

US 8,916,363 B2

Val

Gly

Val

560

Ala

Thr

Thr

Pro

Phe

640

Ile

Thr

ASDP

Tyr

720

His

ASp

Gly

Thr

Ser

800

Arg

Thr

ITle

Leu

08



<213>
<220>
«221>
<222 >
<220>
<221>
<222 >
220>
<22]1>
<222 >
<220>
«221>
<222 >

ORGANISM:
FEATURE:
NAME /KEY :
LOCATION:
FEATURE:
NAME /KEY :
LOCATION:
FEATURE:
NAME /KEY :
LOCATION:
FEATURE:
NAME /KEY :
LOCATION:

<400> SEQUENCE:

atg
Met
1

ctyg
Leu

tgc

cag
Gln

CyY
ATrg

65

agc
Ser

aag

ctyg
Leu

gcd
Ala

cat
His

gcc
2la

aag
Lys

gcc
2la
50

tcc
Ser

coc
Pro

ctce
Leu

acc
Thr

acgc
Thr
120

ctce
Leu

cag
Gln

cCcg
Pro
35

tgc
Cys

gyc
Gly

tgg
Trp

gcc
Ala

| e
Phe
115

aac
ASn

tcc
Serxr

ctc
Leu
20

agc
Ser

gac
ASP

tgc
Cys

gcc
Ala

g9c
Gly

100

accgc
Thr

acgc
Thr

69

Chrysogsporium lucknowense

CDS

(1) ..{(432)

CD5S

(542)

CD5S

(680)

CDS

(908)

13

gcc
Ala

tcg
Ser

gac
Asp

gtc
Val
a5

agc
Ser

agc
Ser

ggt
Gly

acgc
Thr

ggc
Gly

gcc
Ala

aac
Agn

gcd
Ala
70

agc
Ser

tcc
Ser

J99Y
Gly

ggc
Gly

.. (B72)

.. {806)

.. {(992)

acgc
Thr

agc
Ser

tgg
Trp

gac
Asp
55

ggc
Gly

gac
AsSp

gag
Glu

ccyg
Pro

gac
Asp
135

999
Gly

gy
Gly

CcCC
Pro
40

aac
Agn

gyc
Gly

gay
Glu

tcyg
Ser

gtc
Val
120

ctg
Leu

CCcC
Phe

cag
Gln
25

gyc
Gly

cCcg
Pro

agc
Ser

ctg
Leu

cag
Gln
105

gcd
Ala

gyc
Gly

ctc
Leu
10

acyg
Thr

aag
Lys

ctce
Leu

gcc
2la

tcg
Ser
S0

tgg
Trp

gyc
Gly

gac
ASp

gcc
Ala

acc
Thr

gyc
Gly

aac
ASn

tac

aac
ASh

-continued

ctce
Leu

<d9Y
ATYg

cCcC
Pro

gac
ASpP
60

atg
Met

ggc
Gly

cac
His
140

ccg
Pro

tac

tcg
Ser
45

ggc
Gly

tgc

tgg
Trp

gcc
Ala

atg
Met
125

ctt
Phe

gcc
Ala

Trp
30

tct
Ser

gyc
Gly

tcc
Ser

gcgd
Ala

tgc
Cys
110

attct

Tle

gac
ASP

ctg
Leu
15

gac

ASpP

ccg
Pro

tcc
Ser

tcc
Ser

gcc
2la
o5

tac

gtg
Val

ctg
Leu

US 8,916,363 B2

gcc
Ala

tgc
Cys

gtg
Val

acgc
Thr

cag
Gln
80

gtc
Val

gag
Glu

cag
Gln

gcc
Ala

gtgagttgcce tccccttete ccececggaccge tcagattaga

aaatcggtcc aagattccecct tgactgacca acaaacatca

tgagattaga ctttgctcgt

tacgggcag atc ccc ggt
Ile Pro Gly
145

ggc ggt gtc ggt att ttc aac g gtaagctggt gcecccecggac ccecctecececgg
Gly Gly Val Gly Ile Phe Asn

150

acceceteccee cttttectee agecgagecga gttgggatcey

aacttctcte tcgacag

ggc
Gly

tcc
Ser

tgg
Trp

| e
Phe

ggc gac cgc
Gly Asp Arg

170

ccg gag gcc
Pro Glu Ala

185

ole
Ala

tac
Tyr

ctce
Leu

tgc
Cys

ggc
Gly

aag
Lys

acc
Thr

gyc
Gly

CCcC
Pro

gac
ASP

atc
Tle

gyc
Gly

120

cag
Gln

cat
His
175

tgc
Cys

tac
Tyr
160

tcc
Ser

aac
ASnh

gtacgttgct ttgacatacc ggaacccaat tcctccaacc

ctcecgggggt agtcecggaatg tcegcocgactga ccectatttcea

ccgagatcga gaactcacac

g9c
Gly

CCCCCCCLLt tctcoccoccocceccaa

gct
Ala

gaa
Glu

cgc
Arg

cCoc
Pro

gay
Glu

CCcC
Phe
195

ccyg
Pro

tgc
Cys
180

gac
ASP

aacC

Agn
165

gaa
Glu

tg
Trp

g g ttc caa aac gcc

48

O6

144

192

240

288

336

384

432

492

550

602

662

711

7595

806

866

520



gac
ASp

acyg
Thr

aac
Agn

toc
Sexr

cCcyg
Pro

aag
Lys
220

tcg
Ser
205

agc
Ser

gtc
Vval

ggc<
Gly

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Chrysosporium lucknowense

PRT

<400> SEQUENCE:

Met His Leu Ser

1

Leu

Gln
ATrg
65

Ser

Leu

Ala

Tle

145

Gly

Trp

Gln

ATrg
225

2la

Lys

2la

50

Ser

Pro

Leu

Thr

Thr

130

Pro

Ala

Glu

Arg

Glu
210

Gln

Pro
35

Gly

Trp

Ala

Phe

115

Agn

Gly

Pro

Glu

Phe

195

Val

Leu
20

Ser

ASDP

Ala

Gly

100

Thr

Thr

Gly

Pro

Cys

180

ASP

Ala

225

14

2la
5

Ser

Asp

Val

85

Ser

Ser

Gly

Gly

Agh

165

Glu

Trp

<210> SEQ ID NO 15

<211> LENGTH:
<212> TYPE: DNA

4190

acgc
Thr

tgc
Cvs

Thr

Gly

Ala

Agn

Ala

70

Ser

Ser

Gly

Gly

Val

150

Gly

Ser

Phe

Pro

71

ctc
Phe

tcc
Ser

Thr
Ser
Trp
AsSp
55

Gly
Asp
Glu
Pro
Asp
135
Gly
Trp
Phe

Gln

Ser
215

cag

cgt
Arg
225

Gly

Gly

Pro

40

Agn

Gly

Glu

Ser

Val

120

Leu

Tle

Gly

Pro

Agn

200

Glu

US 8,916,363 B2

-continued

Phe Gln Asn

200

gag gtg gcc tgce ccg tcg gag
Gln Glu Val Ala Cys Pro Ser Glu

210

taa

Phe

Gln

25

Gly

Pro

Ser

Leu

Gln

105

Ala

Gly

Phe

ASP

Glu

185

Ala

Leu

Leu
10

Thr

Leu

2la

Sexr

50

Trp

Gly

ASp

Agn

Arg

170

2la

ASpP

Thr

Ala Leu

Thr Arg

Gly Pro

Asn Asp

60

Tyvr Met

75

Tvr Gly

Cys

Lys

Cys

Lys

Asn His

140

Ala Cys

155

Tvr Gly

Leu Lvys

Asn Pro

Ser Lys

<213> ORGANISM: Chrysosporium lucknowense

<400> SEQUENCE:

gcgcttocgy

ccaactcgga

ccaaggtgga

tctgcgcaaa

15

agcaggcatc

ggctgaccct

cctgggcgag taaaatgacg

gttttttgygg

ctcggcgcaa tctggaggtt

gcgatggtgg

220

Pro

Tvyr

Ser

45

Gly

Cys

Trp

Ala

Met

125

Phe

Thr

Gly

Pro

Ser

205

Ser

215

Ala

Trp

30

Ser

Gly

Ser

Ala

Cys

110

Ile

ASP

ASP

Tle

Gly

120

Val

Gly

gaagccgggce cccgtcocgac

cgggaggaag cgttgcaaca

cggcccgegg aggacggaat

gaaaatgtaa atatgtgaag

Leu

15

ASP

Pro

Ser

Ser

Ala

55

Val

Leu

Gln

His

175

Thr

Ala

ctce
Leu

Ala

Val

Thr

Gln

80

Val

Glu

Gln

Ala

Tyr

160

Ser

Agn

Phe

Ser

tgegtttgte

cgcactatcg

ccgggctgaa

ttataggcat

568

905

60

120

180

240

72



ataggactca

cattggtcgyg

ggaagggacc
cgccgaggaa
ccaagcacac
gtttcaaaga
acggagcaga
gcggcetttte
cgctagtgta
cttagtttga
cgaatcgtat
tgctcecgteceg
acagccgceccg
tttctagaat
cgcacccttce
ccectttgygy
caagatcttg
ggctcgcgga
gcttccgega
aacggyggygady
cctteggtcec
Cctctctcett
tcgcacgtag
accggtggtce
gacgcgaacc
gaacagacca
aaggtccagc
gacgacgcca
ggcctggtgce
ctcagcagcyg
gacaaggtgg

gccaacctgyg

gagggcatcg

gctgcccacy

gcecgaggtgyg

tccaactaca

tgggacgagt

gcacgcttca

gtttcgacca

gcgatgacat

atctctcgcc

cceectggec

gaacttcggyg

aattactccg

tcggtaatcc

acctgaactt

aactcgcaaa

aagacgacca

ggacagcagc

attaacggca

aagtctggty

aadaygygyydgygyy

attgcggatt

accggttcca

acagtggaga

gcttaccatc

gcctcecegtte

actgtgaatyg

aggagggctt

ttggatccct

cttceccacgc

cacactaata

ttgtcgecgc

ctttcaaggy

aaaaggcgtt

agaccagctc

tcgocggetgc

tctacaacct

acaagaacgg

cggccgcaaa

tcaccaacct

cctatgcecat

gcggetgget

tcaagcttgc

acccecctteca

ctcactacgc

tcgtcgacca

gattgaccct

73

ggaaattgca
ttgtctgatyg
ccccacctge
tctttgtgac
tacatacaca
gtaacaggta
cttcceccececect
gtcttgttta
cacgcggaca
gaaggactac
aatcaaaatg
ccgatcgatt
g4g9999ag9g9
gggttccctt
cacacagagg
ggcggatgtt
gacaccaaca
gaagcggcta
tcctgggtat
ggttagggtc

gcggtcoccy

tcgttcogaca
gtgcaccatg
cacgcctaag
caagacgcag
cctggecagy

gttcgtctgyg
ccgcaaggcy
tccggaccgc
gctcgagatc
ggacctcgac

gggcatcgag

ctccagcectt

cggctgggac
cggcegaggge
cgccgtegtyg
CtCthgCtC
gggtcgegtt

cgacccatgc

gaggcatgtyg

tgatcccgcec

cccgcatcat

gggagattcc

gtacttctga

ctccgtatcet

cttactcgag

taacagtgca

aagaaagaaa

actgcgccgt

gattatatgc

gcgaaccccc

gggtctggac

cagccctgey

acatgggtgg

cggataacca

tgcggactcy

tccecgtectyg

aagagcatgg

gogttegttt

gtctcctcete

gacgcctcecece

cgcgtcetcta

cccaaggggt

Ctcgtcaacc

aacgacaccyg

gtctcgagga

cagaagaaga

gactgcagcyg

tacaagactyg

ttcgccateyg

ttctgocgceca

cagcagccaa

gacaacctgc

aagaagatcc

cgcgagaact

acaccgttcce

gccecteoegy

gaccgagatt

US 8,916,363 B2

-continued

ggatttcagc

ggaggtgttt
gcctegecac
actgagtgag
ctccgtaaag
aaggtaaatt
tagtcaccct
tatacctgca
aatccaattg
agtgaccagyg
catttcgett
ggaatcgcgyg
gggacgtgca
agcgegecec
aaatgtgtac
tccggagecy
tccctecagte
ccagcgygaygy
cgcgaccttyg
ggagattgct
tctctctcetce
cttctteget
gtttggtcgc
cgtcgeccec
cggcatgggce
tcaatgccgce
tcgccgaget
cggygcaggay
cgggygcgagay
agttcgtcaa
tcctggagec

acgccgeccce

acgtgcactt

cgctggecgce

gcggcttegt

ttaccgagtyg

tcgagaaaga

gagcccgcaa

gctgacgatt

gtttggcatg

cggtctctygg

gactcccocgeyg

cattggccaa

taaaccgtgt

taccctgtgce

actccaacca

tttegtatct

cccgatgget

ccaagaaacg

ccgggttgcg

gatgattcct

taacttcgaa

cttctggaac

ctgacggttg

cagtgtcgac

atggagcctt

atctcgtacc

tctcecgtcagyg

gagctctgag

Cctctctctce

ctcCctttecece

ggcccttget

tggggcegtyg

ggccaagctyg

caagacggag

ctccaacatc

gcagatcgtc

cgcgyggedgag

gcccttagec

cgactcgcetyg

cgtctaccgce

gtacatcgat

caaggagttt

caccaacgtg

gagcaactcyg

ggggctgcecg

ggagtggtga

gaattgcgtyg

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

74



tCCCgtCCCC

cgaccagggt

gcgacggceyga

cccagatgcet

gagtccgaga

atactggctt

cgctgcetttce

aaacgatcca

catcatgagg

cacaagyaccCcc

catctctcaa

accacctgtt

cgtaagttcc

gccgcecaegtat

atctgtagec

ctgtggcgca

ggtgtcctcg

aacatccggc

cttcagccayg

gatgttctca

gtcttgcggce

gacctgggcg

gtccttccac

cagggcgtcg

ctgatcctgy

gtagtttagg

gtccttgatg

<210>
<211>

caggggtgaa
caacaacacc
gtgtggcttyg
ggtcgagaat
agggtcccag
aacattaacc
ccatacgtgce
ttggatatcc
aaacaaagga
atccaccaac
gagctgacta
atcgtgtaaa
ggtcacggtc
ctggacaaga
ttcttacctyg
ccagcaccag
gctggtgggy
tccggcectceeg
accaaagcca
gccagaactyg
ggtttctecce
tggcagaggyg
ccgtacaggce
tcaatgagtt
agcagaaacc
cgtgattcaa

ctgaagccgc

SEQ ID NO 1leo
LENGTH:

381

7S

tggtgcaacg
gtcgtcgatyg
gctggcgcecc
gcccacccgt
atagactttt
aagcaccatg
tctcaggtcet
agaagagaga
aaaacaaacg
acaaccaaac
aacgaacagt
ccaaatcgcc
acggatcagg
cttcttgtat
gtggtgcctt
gctgtggtga
atgggggtga
gaccgtccac
tgccatcatc
cgggctgtac
tgccagettyg
tgacgaggga
ggacgggtgce
ctgtcaactt
gtgccgagcc

caaacgtccyg

cgtcggcgaa

tggcacccgc

ctctegtcetyg

ccaaggccgyg

ctgtcgtcca

gttttaaaac

aacatgactt

cagggatcaa

dddaddadad

atcgtcegtgt

gacaagcaat

cgttgaaatc

tgttaaagtyg

gatggttctc

tgctccgaaa

gaaagacgcyg

tgccccocggaa

tgagggcttg

agacattgga

gcctetgecy

ggccatgacc

ttgtgcgegy

cgttgacgcc

catacgcgtc

gctctccage

tccgaggaaa

gcgggactcg

caggcgcatc

US 8,916,363 B2

-continued

cggatttggce

ggtcaagcct

ccagtggttce

caagtggtag

aaaatgcaag

gtcaacatat

atggataggt

gacatgcatg

tccaacaagc

acgatggacc

atcctacatg

catcatctct

aattcgtgtg

ccgettttge

gcaggcaaca

ccggtegteg

gagggtgttyg

cctgcgagca

acgctgttga

atgggctgtt

tgcctgcgayg

ttgatctect

cacagcctgce

ctctctatgce

cgctccttca

ttgttgcccyg

atctgggccc

ccocgegecca

ggcgygcgaga

gacgagtacyg

ataaattttg

gtgtcgacag

tgatacattc

cggtaatgca

ccttgtetgt

tttccaagac

gcecgttgttc

agtacgccgc

taggtatgat

tcgecgtagec

cgccctaata

cttcgcecaggt

acttgctcgce

ttgcgececgce

tgactcgtgce

gcgggagget

cggtetggec

attcgacttce

tgctccccat

acgagaacct

cgcgagcatc

gcttceccecgegc

cagcagcgac

«212>
<213>

<400>

TYPE :
ORGANISM: Chrysosporium lucknowense

PRT

SEQUENCE :

Met Arg Val Ser

1

Ala

Ala

Ala

Val

65

Trp

ala

Agn

Lys

50

Agn

Val

Thr

Pro

35

Leu

Ala

Ser

Pro

20

Phe

Glu

Ala

ATrg

16

Gln

Tle
85

Leu

Pro

Gly

Thr

Thr
70

Ala

Val

Lys
55

Glu

Glu

Ala

Gly

Thr
40

Leu

Ala

Ser

25

Gln

Ala

Val

Ser

Leu
10

Ser

Phe

Phe

Gln

Agn
S0

Ala

Pro

Val

Leu

Gln
75

Tle

Thr

Pro

AsSn

Ala

60

Thr

ASD

Gly

Gly

Pro

45

Arg

Ser

Asp

Gly

Ala

30

Ala

Agn

Ser

Ala

Leu
15

Val

Trp

ASpP

Phe

Tle
o5

Val

ASpP

Ala

Thr

Val

80

Ala

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4190

76



Ala

Leu

Ala

Glu

145

ASpP

Asn

Gly

Pro

225

Gly

Phe

ASpP

Gly

Gly

305

Phe

Leu

Ala

Leu

ala

Val

Gly

130

Phe

Phe

Leu

Tle

Ile

210

Leu

His

Glu

Leu

290

ala

Gly

Val

Gly

Val
370

ATy

Leu

115

Glu

Val

Ala

Gly

Ala

195

ASP

Ala

2la

Ser

275

Pro

ATg

Pro

Trp

Ala

355

Glu

Lys
100

Leu

Tle

Ile

180

Ala

Ala

Tle

Val

260

His

Ala

Ala
Val
240

Pro

Agn

Ala

Asn

Ser

Pro

Val

165

Glu

2la

Ala

Arg
245

Val

Glu

Pro
325

Ala

<210> SEQ ID NO 17

<211> LENGTH:
<212> TYPE: DHNA

3000

Gln

Leu

Ser

Phe

150

Leu

Phe

Tle

His

Glu

230

Gly

ATrg

Ala

Phe

Trp

310

Thr

Pro

Ala

His

77

Pro
Asp
135

Ala

Glu

Ser

Gly

215

Phe

Phe

Glu

Ser

Tle

295

Gly

Thr

Gly

Gly

Pro
375

ASDP

120

ASpP

Pro

2la

Ser

200

Gly

Ala

Val

Agn

Ser

280

Val

Glu

Arg

Gly

Gln

360

Ser

Thr
105

Arg

Agn

ASP

Agn

185

Leu

Trp

Glu

Thr

Phe

265

Leu

ASP

Trp

Val

Glu

345

Trp

Val

Gly

ASp

Gly

Val

Ser

170

2la

Gln

Leu

Val

Agn

250

Thr

Thr

Gln

Agn
230

Ser

Phe

Val

ATrg

Leu

Ala

155

Leu

Ala

Gln

Gly

Val

235

Val

Glu

Pro

Gly

Agnh

315

Asnh

ASpP

ASpP

His

<213> ORGANISM: Chrysosporium lucknowense

17

-continued

ATy

Ser

Glu

140

Ala

Ala

Pro

Pro

Trp

220

Ser

Trp

Phe

ATYg

300

Val

Thr

Gly

Glu

Lys
380

Gln

Ala

125

Ile

Ala

AsSn

Val

AsSn

205

Asp

Leu

ASn

Ser

Leu

285

Val

Ala

val

Glu

Tyr

365

Trp

Ile
110

Gly

Leu

Tyr

120

Val

ASP

Ala

Agn
270

Glu

Ala

Pro

Val

Cys

350

Ala

Val

Glu

ASpP

Val
175

Arg

His

Agn

Gly

Agn

255

Ser

Leu

ala

ASpP

335

Gly

Gln

US 8,916,363 B2

Gly

Ser

Thr

Leu

160

Thr

Glu

Leu

Leu

Glu

240

Pro

Trp

Glu

Pro

Gly

320

Ala

Leu

Met

<400> SEQUENCE:

cgoggecccy

gctceccectcatc

tgctceegttt

gttcttggaa

cgctgatcct

cgtatacacy

cctcgcactt

gagacatgat

tctttgaacy

ctcccacgaa

gcacatccat

cggacgaccc

gctgatctgce

cagcgcectcet

ggataatgtg

ggtctgccca

cttgagaagc

gccgattgaa

acacagcgct

ggattccgaa

tgatctcata

ttcaccggcy

tagccgacac

acggatatta

gcacggtgaa

atagccacag

atttttaaaa

agctccagey

AaCcCcCyCaac

cattcatact

ggagygaggygyy

Ctattttgtt

gaaccatcaa

cggctatgta

gttcaggacyg

ctcaatgcgyg

Ctcaactttt

cgcaaattaa

ggttgggggyg

gttttgtata

ctccgattcc

cggattactce

gccaagcoccyg

tcagtcgtygyg

cactttgaag

ccgctaatat

gggttggggyg

attactgcgg

60

120

180

240

300

360

420

480

78



caacattctc

ctccaagctc

agtgataggg

atacgggatt

gdaadaaddcCc

atttctattt

tcctatcaga

ggagtatcgt

agggaggacyg

acagcttgca

ctcctectca

cgcggcatcc

ggﬂﬂgtggﬂt

aacgtcaaca

tacaacggca

ctttegetty

aaggaaaata

tcgcaacccy

gggcacgygcy

gacgcggtac

ccgecgcecayg

gcgccagyyyc

ccagagctct

CELttgtttt

ggttttatgce

tcteccgggcet

caacggtaat

tgatacaagt

gatcaagcgc

cactcaccaa

ccgactcaca

ttgatacaat

aatcgagtag

ctcggcacac

gtctggcacc

tctttetege

taggtctcat

ccgtatgteyg

gggcacaatg

ggatcagatg

daadqqgdygCccd

gcgatatact

cgaagtaaaa

caacgataca

tgggttaaag

ctcatatgcc

caagagcctyg

ccgggggtag

gceggaacadgy

gcagagtttt

cggtcatcgc

agccocgggcac

cggtcgactt

actgggttgg

cctggaacaa

ttttccttga

gaagataact

ctggtcgagt

cggctgggca

aaccagccgt

aagcgcgtcy

aacctccagc

ggttcggcca

gcaggagyydy

cggcagccgt

ccttctcaga

tatctaagtt

cggtttgagc

gatgcaacaa

ggtcaacccc

tatctatctg

gctcectgetgt

gtcacgcctyg

atacagaact

aggccttggt

ctcagatctc

atcagacgtt

aggcaggttg

tcgccatctc

gcgggccgat

79

tgcctcecgeygyg
ctaacaacgg
cggacgttac
atcacacgat
ctggcgtaga
gcgagcgaat
gcccocggaac
gaaccgcacyg
cttgatggac
gtgccttgca
cgctgcggtyg
gggcacccac
caaccccgygyg
cggcaayggyc
ctacaacgtg
tgattgggat
aacgccaagc
attacatcgt
ccatcgagga
ccatcgagygg
gcggcactat
tcggcacctyg

ctatcgaggt

gtagaggggg

gggccattcg

gaacttcaat
tgagtgccct
cgagccaatyg
ttaagcatga
gcatactggc

cttgggtttt

gcccgggttyg

ttgcttggtc
cgacctgagg
ctcgtcgagg
ttaggggacyg
tcggcectggce
caccgatacg
ggccgtcaag

acgagcggcet

cgggaaagcc

cgtgactcgy

atgcggcact

gcgacacacc

ttttgcgegt

gcggggtgea

ctgggataat

ggcaactaga

atgaatcaga

taggcccteg

acgacggcca

gaggggtact

cceccocgeggcet

tggaacccgy

aacagctgtyg

ccattttaaa

tctggcagac

ggaggcatac
cgacggceggc

gacctccacc

cgacacgggc

gaactacatg

cCdyygagycc

g99999a999

agtgcaacct

atgtctgggg

atcgtatgcet

agactgtgtc

ctacgtgcct

acgtaagaac

gggatgcggt
ctgagaccaa

tagaacaaac

catgttcttyg

ataccgaggy

aagaagacaa

cgagctaata

ctcgecgegc

gtggtgcaag

gctccecggcett

US 8,916,363 B2

-continued

catgacagag

caatgaaggc

tagccggcetyg

tcggcgactt

cttggtttet

gagcgceccyy

agaagccaaa

gdadgdaadaa

agacgacact

atatcatggt

gccctcetcega

tctactegtt

cgtacagcgt

gccecegecgey

cgttgtcecctce

agagaaggaa

ctcgcectgt

ggcacgtaca

gtgtacgaca

ttcgaccagt

aagcactttyg

atcatggcca

taaagaagcc

ddadacydaddad

gtatctctct

ACadaccacc

tctgaaaatt

gattgataga

agctgcagat

cttcecgtgta

CCtttaccca

gccgtaatca

taatattaaa

gaaggcggct

cgaggaggat

cgccocggagcec

tgtctaatta

cgcectcattc

atacctatta

gcgagaaagc

aattggacag

ctgccgeteg

atgccggaga

ggcgctctat

taaccgggtt

gagtcgatgg

ttaagccatyg

tttggtataa

gggcaactaa

ctcgttcact

ggtggtcaag

ctggaccgac

cacctggaac

caagattgcg

CECCLLLcCctcc

dddadaadadaca

acggctggac

acccctecgtc

tctacaagac

actggtccgt

acgagtggaa

ccgagggceta

aggcgcecttt

gtagcagggt

ctctcccaag

ttgtgaaata

tcctgetect

ggccctgaag

aaatggaagc

caaggcccaa

caaaacaaat

gceggdceagygyd

aagccttgtyg

agccagtcaa

gaggaagacc
acacaataat

tgcccatcag

atctccgact

tgcaagcaga

cgcttegeag

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

80



caaggtatcg tggcaggccg ccattttcegg ttgggtattce tttgtettgt ttgcettcegta
attatgtcct ggctggcatt gtgggaaggg gcgaacctct tgatttccga tgggggtcga
<210>
<211l>
<212>

<213>

<400>

PRT

SEQUENCE :

Met Val Ser Phe

1

Thr

Gly

Ser

AsSn

65

Pro

Ser

ATrg

Thr

145

Gln

Thr

Gly

Gly

2la

Thr

Val

50

Agn

ATrg

Tle
Leu
130

Thr

Gly

Thr

Ser
210

Ser

His
35
ASP

Val

Leu

Val
115

Gly

ATg

Trp

Trp
195

Ala

Pro

20

Glu

Phe

Agn

Tle

Ala

100

Glu

Thr

Ser

His
180

Agnh

Thr

SEQ ID NO 18
LENGTH:
TYPE :
ORGANISM :

218

81

Chrysogsporium lucknowense

18

Thr
5

Leu

Gly

Asn

Asn

Ala

85

Leu

Ala

Tle

Asn

Vval

165

Phe

Tle

<210> SEQ ID NO 19

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Hig Glu Tyr Gly

1

10

Leu

Glu

Pro

Trp
70

Glu

Gln

150

ATrg

ASpP

Met

Glu

Leu

Val

Phe

Gly

55

Val

ASn

Gly

Gly

AsSp

135

Pro

Arg

Glu

Tle

Val
215

Leu

Val

Tyr
40

Pro

Gly

Gly

Trp

Thr

120

ASP

Ser

Gln

Trp

Met

200

ATrg

Thr
Lys
25

Ser

Gly

Thr

Thr

105

Gly

Ile

Lys
185

Ala

Glu

Val
10
Arg

Phe

Gly

AgSh

Gly

Glu

Arg

170

Arg

Thr

2la

ITle

Gly

Trp

Ser

Gly

75

Agnh

Agnhn

Pro

Val

Gly

155

Val

Gln

Glu

Chrysogsporium lucknowense

19

Thr Asn Ile Gly Ser Arg

5

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPRE:
<213> ORGANISM: Humicola grisea

PRT

<400> SEQUENCE:

10

20

10

Higs Glu Tyr Gly Thr Asn Ile Gly Ser Arg

1

5

«<210> SEQ ID NO 21

10

-continued

Ala

ITle

Thr

Tvyr

60

Trp

ASn

Pro

Ser

Tyr

140

Thr

Gly

Gly

Gly

Ala

Gln

Asp

45

Ser

Asn

Leu

Ser

125

Asp

Ser

Gly

AsSn

Tyr
205

Ala

Pro

30

Gly

Val

Pro

Agn

Val

110

Gly

Tle

Thr

Thr

Leu

190

Gln

Val

15

Gly

Arg

Thr

Gly

Val

o5

Glu

Thr

Phe
Tle
175

Gln

Ser

US 8,916,363 B2

Thr

Thr

Gly

Trp

Pro

80

Agn

Ala

ASpP
160
ASp

Leu

Ser

2940

3000

32



<211> LENGTH: 17

<«212> TYPE: PRT

<213> ORGANISM: Chrysosporium lucknowense

<400> SEQUENCE:

83

21

US 8,916,363 B2

-continued

Met Gly Asn Gln Asp Phe Tvr Gly Pro Gly Leu Thr Val Asp Thr Ser

1

Lys

«210> SEQ ID NO

«211> LENGTH: 15

«212> TYPE: PRT

<213> ORGANISM: Aspergillus niger

<400> SEQUENCE:

Leu Gly Asn Thr
1

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPRE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Leu Phe ZAla Asn

1

<210> SEQ ID NO
<211> LENGTH: 8
<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Trp Ala Asn
1

<210> SEQ ID NO

«211> LENGTH: 18

«212> TYPE: PRT

<213> ORGANISM: Chrysosporium lucknowense

<400> SEQUENCE:

5

22

22

10

15

Asp Phe Tyr Gly Pro Gly Leu Thr Val Asp Thr

5

23

Chrysosporium lucknowense

23

Asp Tyr Tyr Arg
5

24

Humicola ingolens

24
Asn Tyr Tyr Arg

5

25

25

10

15

Hig Tyr Ile Glu Ala Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro

1

Ala Arg

<210> SEQ ID NO

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Neurospora crassa

<400> SEQUENCE:

5

26

26

10

15

Lys Tyr Ile Glu Ala Phe Ser Pro Leu Leu Asn Ala Ala Gly Phe Pro

1

Ala

<210> SEQ ID NO

<211> LENGTH: 18

«212> TYPE: PRT

<213> ORGANISM: Chrysosporium lucknowense

5

277

10

15



US 8,916,363 B2

85

86

-continued

<400> SEQUENCE: 27

Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp Gly Asp Trp Cys Asn

1 5 10
Val Lys

<210> SEQ ID NO 28

<2z21ll> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Trichoderma reesgel
<400> SEQUENCE: 28

15

Ser Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp Gly Asp Trp Cys Asn

1 5 10

Val

We claim:

1. A method of producing a fermentation product or a
starting material for a fermentation product from a ferment-
able sugar, wherein said method comprises: (a) providing an
enzyme formulation, wherein said enzyme formulation com-
prises at least two enzymes selected from the group consisting,

of EG 11 (SEQ ID NO. 10) and BGL (SEQ ID NO 12); (b)

applying said enzyme formulation to lignocellulosic material
to produce a fermentable sugar; and (c) fermenting said fer-
mentable sugar to produce a fermentation product.

2. The method according to claim 1, wherein the ferment-
able sugar 1s selected from the group consisting of glucose,
xylose, arabinose, galactose, mannose, rhamnose, sucrose
and fructose.

3. The method according to claim 1, wherein the lignocel-
lulosic material 1s selected from the group consisting of
orchard prunings, chaparral, mill waste, urban wood waste,
municipal waste, logging waste, forest thinnings, short-rota-
tion woody crops, industrial waste, wheat straw, oat straw,
rice straw, barley straw, rye straw, flax straw, soy hulls, rice
hulls, rice straw, corn gluten feed, oat hulls, sugar cane, corn
stover, corn stalks, corn cobs, corn husks, prairie grass, gam-
agrass, foxtail; sugar beet pulp, citrus fruit pulp, seed hulls,
cellulosic animal wastes, lawn clippings, cotton, secaweed,
trees, shrubs, grasses, wheat, wheat straw, sugar cane
bagasse, corn, corn husks, corn kernel, fiber from kernels,
products and by-products from wet or dry milling of grains,
municipal solid waste, waste paper, yard waste, herbaceous
material, agricultural residues, forestry residues, municipal
solid wastes, waste paper, pulp, paper mill residues, branches,
bushes, canes, corn, corn husks, energy crops, forests, fruits,
flowers, grains, grasses, herbaceous crops, leaves, bark,
needles, logs, roots, saplings, shrubs, switch grasses, trees,
vegetables, fruit peels, vines, sugar beet pulp, wheat
midlings, oat hulls, hard and soft woods, organic waste mate-
rials generated from agricultural processes, forestry wood
waste, or combinations thereof.

4. The method according to claim 1, wherein said fermen-
tation product 1s a biofuel.

5. The method according to claim 1, wherein said fermen-
tation product 1s selected from the group consisting of lactic
acid, organic acids, animal feed supplements, pharmaceuti-
cals, vitamins, amino acids, industrial enzymes, and chemical
feedstocks.

6. The method according to claim 4, wherein said combus-
tible fermentation product 1s an alcohol.
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7. The method according to claim 1, wherein the lignocel-
lulosic material 1s subjected to a pretreatment prior to being
exposed to enzymes;

wherein said pretreatment comprises exposing the ligno-

cellulosic biomass to an acid, base, solvent, heat, perox-
ide, ozone, mechamical shredding, grinding, milling,
rapid depressurization, or a combination thereof.

8. The method according to claim 7, wherein said solvent1s
an acetone/ethanol mixture or organosolv.

9. A method for degrading a lignocellulo sic matenal to
fermentable sugars, said method comprising contacting the
lignocellulosic material with an effective amount of a multi-
enzyme product dertved from a microorganism, to produce at
least one fermentable sugar wherein at least one of enzyme 1n
the multi-enzyme product 1s selected from the group consist-
ing of EG II (SEQ ID NO. 10) and BGL (SEQ ID NO. 12).

10. A method of producing energy from a fermentable
sugar, said method comprising (a) providing an enzyme for-
mulation, wherein said enzyme formulation comprises at
least one enzyme selected trom the group consisting of EG 11
(SEQ ID NO. 10) and BGL (SEQ ID NO 12); (b) applying
said enzyme formulation to lignocellulosic material to pro-
duce a fermentable sugar; (¢) fermenting said fermentable
sugar to produce a combustible fermentation product; (d)
combusting said combustible fermentation product to pro-
duce energy.

11. The method according to claim 10, wherein the fer-
mentable sugar 1s selected from the group consisting of glu-
cose, Xylose, arabinose, galactose, mannose, rhamnose,
sucrose and fructose.

12. The method according to claim 10, wherein the ligno-
cellulosic material 1s selected from the group consisting of
orchard prunings, chaparral, mill waste, urban wood waste,
municipal waste, logging waste, forest thinnings, short-rota-
tion woody crops, industrial waste, wheat straw, oat straw,
rice straw, barley straw, rye straw, flax straw, soy hulls, rice
hulls, rice straw, corn gluten feed, oat hulls, sugar cane, corn
stover, corn stalks, corn cobs, corn husks, prairie grass, gam-
agrass, foxtail; sugar beet pulp, citrus fruit pulp, seed hulls,
cellulosic animal wastes, lawn clippings, cotton, seaweed,
trees, shrubs, grasses, wheat, wheat straw, sugar cane
bagasse, corn, corn husks, corn kernel, fiber from kernels,
products and by-products from wet or dry milling of grains,
municipal solid waste, waste paper, yard waste, herbaceous
material, agricultural residues, forestry residues, municipal
solid wastes, waste paper, pulp, paper mill residues, branches,
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bushes, canes, corn, corn husks, energy crops, forests, fruits,
flowers, grains, grasses, herbaceous crops, leaves, bark,
needles, logs, roots, saplings, shrubs, switch grasses, trees,
vegetables, fruit peels, vines, sugar beet pulp, wheat
midlings, oat hulls, hard and soft woods, organic waste mate-
rials generated from agricultural processes, forestry wood
waste, or combinations thereof.

13. The method according to claim 10, wherein said com-
bustible fermentation product 1s an alcohol.

14. The method according to claim 10, wherein the ligno-
cellulosic material 1s subjected to a pretreatment prior to
being exposed to enzymes;

wherein said pretreatment comprises exposing the ligno-

cellulosic biomass to an acid, base, solvent, heat, perox-
ide, ozone, mechanical shredding, grinding, milling,
rapid depressurization, or a combination thereof.

15. The method according to claim 14, wherein said sol-
vent 1s an acetone/ethanol mixture or organosolv.
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